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LETTER OF TRANSMITTAL 



U. S. Department of Agriculture, 

Forest Service, 
Washington, D. <7., October 11, 1912. 

Sir: I have the honor to transmit herewith a manuscript entitled 
" Review of Forest Service Investigations," Volume I, and to recom- 
mend its publication. 

Full development of the National Forests as productive resources 
involves extensive research work. Technical forestry is a branch of 
scientific agriculture and can be successfully applied only as practice 
is based on accurate knowledge. From the wide range of conditions 
which the National Forests present, the Forest Service has found it 
necessary to adopt a comprehensive plan of studies for the systematic 
investigation of many problems. 

As these studies progress it is important that there should be some 
means of keeping the entire technical force informed concerning the 
results obtained, of providing for free discussion of methods and ten- 
tative conclusions, and of making possible such immediate modifica- 
tions of existing practice as the discoveries made may warrant. The 
Review of Forest Service Investigations has been planned to meet 
this end. Successive numbers will be issued as the material accumu- 
lated permits. The Review will contain progress reports on uncom- 
pleted investigations and final reports on minor experiments which do 
not justify separate publication. 

It will follow necessarily from the purpose which the Review is 
designed to serve that a certain freedom will be given for the expres- 
sion of individual opinion. In other words, the Review will deal 
largely with matters on which the Forest Service can not yet speak 
authoritatively; the views presented are for professional considera- 
tion, on their merits, and their publication by no means implies that 
full responsibility for them is assumed by the Forest Service. 

While the Review is published primarily for use within the Forest 
Service, it will unquestionably be valuable also to professional forest- 
ers who are not in the employ of the Government and to investigators 
in closely allied fields of work. A limited provision for public distri- 
bution to such persons is therefore recommended. The Review is, 
however, of professional, not of popular, character. 

Respectfully, 

Henry S. Graves, 

Forester. 
Hon. James Wilson, 

Secretary of Agriculture. 
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Cloquet, Minn. 
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Wheel Gap, Colo. 
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Feather River Experiment Station, on the Plumas National Forest, Quincy, Cal. 
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REVIEW OF FOREST SERVICE INVESTIGATIONS 

Volume I. 



OBJECT OF THE PUBLICATION'. 

The investigative work of the Forest Service has greatly broadened 
within the last few years. A large and well-equipped laboratory 
in forest products is now maintained at Madison, Wis., in coopera- 
tion with the University of Wisconsin, with supplemental studies 
in the East and West. Three Forest experiment stations in the 
central and southern Rockies, one in the Sierras, and one in north- 
western Idaho have been established on National Forests for intensive 
study of silvicultural problems. In addition one experiment station 
is being maintained at Cloquet, Minn., in cooperation with the Uni- 
versity of Minnesota. Aside from these stations an enormous 
amount of investigative work has been inaugurated in reforestation, 
growth, yield, various methods of cutting, and other fundamental 
aspects of silviculture in every part of the country. An office of 
grazing studies has been established. Its work, already begun at 
a grazing experiment station in Utah and on several Forests, is 
being rapidly extended. 

The growth of the scientific work of the Service is a natural response 
to increasing demand for thorough scientific facts upon which to 
base the proper handling of the forest and range. The development 
of the science of forestry and its application to the management 
of the forest must go on simultaneously. But meager data are avail- 
able in this country upon which to base scientific forest management 
and utilization, as the practice and science of forestry developed 
in the older countries are of little direct value because of differences 
in species and in climatic and economic conditions. It is very 
important, therefore, that the results of investigative work be made 
known, as soon as they are obtained, to the practicing forester, 
timber* owner and user, and to the profession as a whole. The 
results of the more important investigations of the Forest Service 
are sooner or later issued as separate publications and become gen- 
erally available. The completion of many investigations, however, 
often requires several years, during which very little is known of 
their progress. The results of minor investigations and observa- 
tions, which in themselves are not of broad enough scope or suffi- 
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10 REVIEW OF FOREST SERVICE INVESTIGATIONS. Vol. I. 

ciently conclusive to warrant separate publications, yet in the aggre- 
gate are of inestimable value, are frequently lost to foresters outside 
the locality where they were secured. 

To provide a means for making the results of such investigations 
systematically available, as well as the progress attained in the 
major investigations, a series of publications, to be known as the 
"Review of Forest Service Investigations," has been undertaken. 
The object of these publications, of which this is the first, is to give 
periodically a comprehensive review of the character and progress 
primarily of the investigative work of the Forest Service, and to 
some extent also of the various States and forest schools. It will 
aim to keep all of the men engaged upon investigative work in 
touch with each other. It will give them the fresh results of each 
study as it develops. It will be primarily for the interest and benefit 
of all the investigators in the Service, in all lines of its work, as a 
cumulative medium for interchange of scientific data and ideas. 
It is designed to improve investigative methods, avoid duplication, 
and stimulate interest in research work. 

The Review of Forest Service Investigations is issued at intervals 
as sufficient material accumulates. It is designed to furnish period- 
ically a resum6 of the character and progress of the investigative work 
conducted by the Forest Service. Each issue will contain brief 
accounts of the progress made on the more important studies whose 
completion may require several years, and^ more detailed reports of 
minor projects whose publication in separate form is inadvisable. 
Similar material furnished by State foresters will be published from 
time to time. 

It is the purpose of this Review to keep all of the men engaged upon 
investigative work in touch with each other. The fresh result of 
each study as it develops will be reported, and a medium furnished 
for the interchange of scientific data and ideas. 

The Review deals largely with matters on which the Forest Service 
can not yet speak authoritatively and the publication of the views 
presented does not imply that the Forest Service assumes full 
responsibility for them. 

ORGANIZATION AND SCOPE OF INVESTIGATIVE WORK. 

The broad scope of the investigations now carried on by the Forest 
Service called for an organization which would unify the various 
scientific activities, prevent duplication, coordinate and correlate 
all studies, and consider carefully all plans to make sure that the 
most important problems are attacked in the right way and that 
all the available information and facilities of the Service are utilized. 
Such an organization was put into effect in January, 1912, in the 
form of district and central investigative committees. The creation 
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of these committees marks a progressive step in the development 
of the investigative work of the Service. It is a recognition of 
the old principle that several heads are better than one in perfecting 
plans which call for the best the Service has in scientific attainments 
and experience in research. 
The plan adopted and at present in effect is in general as follows: 
In each of the districts, into which the territory occupied by the 
National Forests is divided, there is a district investigative com- 
mittee, consisting usually of one representative of each of the major 
lines of investigation conducted in the district and one supervisor 
of technical training. Aside from the supervisor the members of the 
district committees, as far as practicable, are men engaged primarily 
upon investigative work. 

On or before December 15 of each year each district office chief 
submits to the district committee an annual program of investigative 
work, under the direction of his office, this program covering: 

1. Projects completed during the past calendar year. 

2. Program for ensuing calendar year, consisting of (a) Incomplete 
projects upon which work will be continued; (6) New projects pro- 
posed. 

The programs of work submitted by the respective officers are 
then reviewed by the district committee, special consideration being 
given to (1) the value of each project under way or proposed; (2) the 
scope of each project and whether it should be limited or extended; 
and (3) possible correlation with lines of investigative work in progress 
or proposed by other offices. 

The district committee then prepares a program of investigative 
work for the district with recommendations regarding the policy to 
be followed. This program is then carefully considered by the dis- 
trict forester and office chiefs in consultation with the committee. 
The annual program of work for the district in final form is approved 
by the district forester. Copies of this program are then submitted 
to the Forester as a part of the annual investigative report for the 
district. 

The complete programs submitted by the districts are referred to 
the branch chiefs of the Forest Service in Washington who review 
and correlate all the work proposed under the direction of each 
branch. Each branch chief then submits a complete program of 
work for his branch to the central investigative committee, which 
consists of three members representing respectively the branches of 
Silviculture, Products, and Grazing. The branch programs are 
reviewed by the central investigative committee, which prepares an 
annual program of work and outlines the investigative policy for 
the entire Service. This program is then considered by the For- 
ester in consultation with the branch chiefs and central committee. 
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information in regard to these new and unfamiliar kinds. Many 
different species of foreign woods are being sold in this country 
under the familiar trade names of well-known sorts which makes it 
necessary, in the interest of wood users, to determine the true 
identity of such imported material and the source from which it 
comes. For this reason it became necessary to extend to foreign 
woods also the study of structure as a means of identification. Ameri- 
can capital is now being invested in tropical American timber lands, 
and there is a growing demand for accurate knowledge regarding 
the identity, uses, and properties of tropical woods. 

GRAZING. 

The aim of the grazing investigations is to secure thorough scien- 
tific information leading to — 

1. The production of the maximum* value of forage crop. 

2. The utilization of timber areas and areas above timber line by 
grazing without jeopardizing the chances of reforestation and water- 
shed protection further than is justified by the comparative merits 
of the resources at stake. 

3. Securing the greatest grazing efficiency per unit area in utilizing 
the forage available for use. 

Any increase in the value of the forage crop produced must be 
brought about by (1) successfully seeding range to cultivated forage 
plants, seed of which can be obtained at a cost which justifies its 
use; (2) by so managing the grazing of the range as to secure the 
natural seeding of the most valuable native forage plants in each 
locality or by developing these valuable native species under culti- 
vation so that seed can be produced at a cost not prohibitive to 
distribution on the range. The investigations along these lines fall 
under three headings : 

Artificial reseeding. 

Natural reseeding. 

Distribution and economic importance of forage plants. 

All the investigations carried on for the purpose of deciding what 
portion of the forage crop can be used without undue injury to 
forest and watershed fall under the one heading: 

Forest protection (grazing). 

The investigations for the purpose of securing data which will 
aid in getting the greatest grazing efficiency out of the forage avail- 
able for use cover the following field : 

Methods of handling stock. 

Development of stock-watering places. 

Poisonous-plant investigations. 

The grazing projects comprise both intensive experimental studies 
and studies initiated primarily to put the results of intensive studies 
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into application in the actual management of the range. The 
intensive investigations are concentrated at the Utah Experiment 
Station on the Manti National Forest and on several Forests where 
there are the best opportunities for studying the problems most 
important, at present the Coconino, Shasta, and Payette Forests. 
Less intensive investigations leading to better control of grazing 
are necessarily carried on in connection with the administration of 
the range on a number of Forests where particular problems arise. 

ARTIFICIAL RESEEDING. 

The aim of studies in artificial reseeding is to determine means of 
restoring overgrazed areas and improving the quality of the forage 
by artificial reseeding with cultivated plants. But a comparatively 
small acreage of National Forest range is adapted to the growth of 
the forage plants for which seed is available, due to excessive altitude, 
poor soil, drought, or other conditions. In order to carry on success- 
fully artificial reseeding of the range, it is important to find out (1) 
the lands where seeding to cultivated species is economically possible 
as determined by altitude, exposure, soil, moisture, and native vege- 
tation; (2) the species best adapted to any given set of conditions; 

(3) the time to sow, the cultural methods which should be used ; and 

(4) the necessary protection against grazing. In addition, the most 
promising native species are being tried under cultivation experimen- 
tally to determine the possibility of their use in artificial reseeding. 

NATURAL RESEEDING. 

Investigations of this character aim to determine the possibilities 
of naturally reseeding depleted lands that still have a part of the 
native vegetation, and to devise systems of grazing management 
which will permit of the regeneration of the lands without a loss of 
forage values. These investigations are both intensive and extensive. 
The intensive studies aim to find out the important forage plants, 
determine their absolute requirements of growth and reproduction, 
and with these data as a basis, perfect a plan of grazing management 
which will allow the plants to reseed naturally often enough to keep 
the range in maximum condition — this with the least possible loss of 
forage. The extensive studies aim to put the data collected from the 
intensive studies on a practical basis by demonstration application 
to range management. 

DISTRIBUTION AND ECONOMIC IMPORTANCE OF FORAGE PLANTS. 

The aim of this work is to ascertain the species of plants which 
make up the forage crop as well as the objectionable and worthless 
plants on each Forest range, and to determine the forage value, 
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growth requirements, seasons of growth, time of seed maturity, and 
class of stock for which each is best adapted. With a thorough 
knowledge on these points regarding the plants which make up the 
forage crop on each Forest, there will be greater possibility of devel- 
oping a plan of grazing management which will sufficiently recognize 
the growth requirements of the vegetation to maintain a maximum 
yield without unnecessary loss of forage by nonuse. 

FOREST PROTECTION (GRAZING). 

The aim of studies along this line is to collect information which 
will result in a decision as to the proper relation of grazing to National 
Forest management. The work comprises (1) studies to determine 
the effect, both detrimental and beneficial, of grazing upon tree repro- 
duction and the possibility of eliminating damage or increasing the 
beneficial effect by changes in grazing management; (2) studies to 
determine the influence of grazing upon "run-off" and erosion; (3) 
studies to determine the influence of grazing as a protection against 
fire. The projects under (1) and (2) must necessarily be intensive 
and will be carried on at the Utah Experiment Station or on a few 
selected Forests. 

METHODS OF HANDLING STOCK. 

Investigations of this character aim at eliminating, so far as prac- 
ticable, any waste of forage in utilization of the range by reducing 
to a minimum the loss of forage due to trampling and by reducing 
the damage that comes from interfering with natural processes of 
revegetation and damage to tree growth and watersheds. The work 
covers studies to determine: The most satisfactory number of sheep 
to be run in one band, considering the welfare of the range and the 
sheep and the interests of the sheep owner; the best method of herd- 
ing or handling, salting, bedding, and watering the sheep; methods 
of handling cattle, and other grazing animals (swine, horses, goats). 

DEVELOPMENT OF STOCK-WATERING PLACES. 

Without an adequate distribution of water for the stock on the 
range, it is frequently impracticable to adopt a system of grazing 
management which will place on a range the class of stock to which it 
is best adapted at the time when it should be utilized, and to plan 
the handling of the stock so as to secure complete utilization without 
waste of forage. The studies along this line aim to secure informa- 
tion upon which to base a decision as to the necessary distribution 
and capacity of watering places under a given set of topographic, 
climatic, and forage conditions; and how best to develop watering 
places from different sources of water supply. 
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POISONOUS PLANT INVESTIGATIONS. 

The scientific data on poisonous plants are very largely collected 
by the Bureau of Plant Industry. The Forest Service is cooperating 
in working out the abundance, distribution, and seasons of growth 
in various localities of the species of plants poisonous to stock. 

PRODUCTS. 

The aim of the investigations conducted by Products is to secure 
authentic information regarding the properties and suitability for 
different purposes of various species and kinds of forest products. 
Such information is essential to increase the efficiency of the methods 
at present in use in the production and utilization of forest products, 
and is necessary for the most economical management of the National 
Forests. 

In accordance with the general policy of centralizing the investi- 
gative work at specific points, practically all of the products studies 
are conducted at a few definite stations. The Forest Products 
Laboratory at Madison, Wis., is the headquarters at which is con- 
ducted the great bulk of the work. This laboratory, which is main- 
tained in cooperation with the University of Wisconsin, is well 
equipped for conducting most of the lines of work discussed later. 
Laboratories are also maintained at Wausau, Wis., where the ground- 
wood pulp investigations are all conducted, and at Seattle, Wash., 
where certain tests on the mechanical properties of woods are car- 
ried on. District stations are also permanently established at 
Washington, D. C, San Francisco, CaL, and Portland, Oreg., and 
certain more general investigations are conducted from these points. 

The investigative work falls into four major divisions, with a 
number of subdivisions, as follows: 

A. Mechanical and Physical Properties and Structure of Wood*. 

Mechanical properties. 

Tests on small specimens free from defects. 

Tests on structural timbers. 

Tests on manufactured articles. 

Effect of preservative treatment, moisture, etc. 
Physical properties. 

Fundamental properties. 

Conditioning experiments. 

General. 
Relation of structure to properties. 

B. Wood Preservation. 

Preservatives. 
General. 

Physical and chemical properties. 
Toxicity. 

Effect on strength of wood. 
Inflammability. 
Ease of injection into wood. 

65603°— 13 2 
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B. Wood Preservation — Continued. 

Processes. 

Commercially established. 

New or proposed. 

Effect of varying conditions during treatment. 
Suitability of species. 

Resistance to impregnation with preservatives. 

Resistance to decay. 

Preparation for treatment. 
Cooperative field work and service tests. 

C. Derived Products. 

Pulp and paper. 

Mechanical or grinding processes. 

Chemical processes. 
Wood distillation. 

Hardwoods. 

Resinous woods. 
Naval stores, or turpentine and rosin. 
Miscellaneous. 

Production of ethyl alcohol. 

Production of tannins. 

Production of gas from wood waste. 

Production of essential oils from leaves, twigs, etc. 

Chemical composition of various woods. 

D. Statistical Studies. 

Annual production of forest products. 

Study of uses of woods (by States, industries, and species). 

Lumber prices. 

Miscellaneous. 

MECHANICAL PROPERTIES OF WOOD. 

These tests are primarily for the purpose of accumulating reliable 
information on the mechanical properties of various species and 
forms of timber. The results are of value to all engineers, manu- 
facturers, and other users of wood in enabling them to employ the 
various species and forms most advantageously, and frequently to 
substitute less well-known species for those which have been com- 
monly used but are now becoming scarce. The nature of the investi- 
gations is such that they may be classified under the following 
headings: 

Tests on Small Specimens Free from Defects. 

The purpose and general nature of these investigations are as 
follows: 

(a) To establish scales by means of which it will be possible to com- 
pare directly the bending strength, compressive strength, shearing, 
stiffness, toughness, hardness, cleavability, coefficient of shrinkage, 
and specific gravity or dry weight of the commercial timbers of the 
United States. Such scales will make it easier for users to select sub- 
stitutes for species which are becoming scarce. 
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(6) To correlate the properties listed above with the rate of growth, 
the position of the specimen in the tree, the physical characteristics 
of the tree, and the locality and conditions under which the tree grew. 
Such analyses are primarily for the use of a forester if the conditions 
in this country ever permit the selection of material in the woods 
with respect to its suitability for certain specific purposes. 

Tests on Structural Timbers. 

The purpose of these investigations is as follows : 

(a) To supply engineers and architects with data on which to 
base moduli for use in the design of structures built of timber. 

(b) To correlate the results of the tests with the physical charac- 
teristics of the timber and with the character and location of defects 
in order to establish a more correct basis for the grading of large 
timbers according to their mechanical properties. 

(c) To establish a relation between results obtained from large 
timbers containing defects and those obtained from small specimens 
free from defects, so that the strength of structural timbers may be 
estimated from tests on small pieces. 

Tests on Manufactured Articles. 

This series includes tests on axles, spokes, cross-arms, poles, and 
other manufactured articles. They constitute, however, a minor 
part of the investigative work and are made primarily for the pur- 
pose of demonstrating the fitness of a substitute species or a lower 
grade of material for specific uses. 

Effect of Preservative Treatments, Moisture, Etc. 

This series of tests is for the purpose of studying the effect of mois- 
ture, preservative treatments, methods of seasoning, fireproofing, 
etc., upon the mechanical properties of wood. Both structural forms 
and small specimens free from defects are used in the various studies, 
the form and character of the specimens in each case being deter- 
mined by the nature of the problem. 

PHYSICAL PROPERTIES OF WOOD. 

From the foregoing brief outline of the purpose and scope of the 

investigations on the mechanical properties it can readily be seen 

that they are closely connected with similar investigations on the 

physical properties of wood. The work falls into the following 

divisions: 

Fundamental Properties. 

A knowledge of the fundamental physical properties of wood in 
general and of the various species individually is essential to the 
most efficient utilization of the material. Not only is such knowledge 
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of prime importance in connection with studies on the structural and 
mechanical properties, but it is especially necessary for the most 
successful conducting of investigations relating to wood preservation 
and some other wood-using industries. The several lines of inves- 
tigation cover studies of the thermal properties, penetrability to 
liquids and gases, hygroscopicity, density of wood substance, etc. 

Conditioning Experiments. 

These experiments relate primarily to the application of the 
knowledge of the structure, mechanical properties, and fundamental 
physical properties of wood in its preparation and handling for 
commercial uses, and consist largely of investigations into seasoning 
and drying. The results will be of value to all engaged in the manu- 
facture and utilization of wood products, such as lumber, structural 
timber, ties, poles, wagons and vehicles, implements, and furniture. 
In the manufacture and handling of such products much money and 
time are spent in seasoning the wood, and often a considerable pro- 
portion of the raw material is lost or damaged as a result of improper 
seasoning. Information on the fundamental principles of drying 
lumber is needed in order to improve these conditions. The investi- 
gations logically fall into three divisions, as follows : 

(a) Air seasoning. — The importance of this work is evident when 
it is considered that it affects the entire lumbering and wood-manu- 
facturing industries. Not only is seasoning essential in the pro- 
duction and utilization of a large proportion of the products, but 
much material inadvertently becomes seasoned as a result of enforced 
storage of raw material or finished product. Furthermore, it is 
necessary in practically all cases to air season material prior to kiln 
drying by the methods in general commercial use. In spite of the 
importance of the subject, however, and the well-known adyantages 
of properly seasoned timber, such as increased strength, durability, 
and penetrability to liquids, much material is annually damaged by 
checking, decay, sap staining, and other agencies, with a corre- 
sponding financial loss. 

It is the purpose of the investigations to assist in bettering these 
conditions by securing data on the proper methods of piling and the 
time required to air season various forms and species in various 
localities. The results are of especial value to the Forest Service in 
the work under way on wood preservation, kiln drying, and mechanical 
properties of wood. 

(b) Kiln drying.— The time required to air season wood properly is 
so great that artificial methods of drying are being almost universally 
applied. Unfortunately, however, methods do not yet permit of wood 
being kiln dried without first being seasoned at least to a partial 
extent. The big problem which confronts the users of wood is to 



f Woods, Forest 



1913. PRODUCTS. 21 

season it in the shortest possible time. All methods at present in 
use are more or less imperfect, and it is conservatively estimated 
that at least 10 per cent of the material dried in kilns is ruined or 
greatly lowered in value by excessive checking, warping, honey- 
combing, etc. To study the fundamental principles of drying in 
kilns with a view to finding means of overcoming the present diffi- 
culties is one of the aims of these investigations. 

(c) High temperature and pressure treatments. — Very little is known 
concerning the behavior of wood when subjected to high temper- 
atures and pressures or to various conditions of the surrounding 
medium. Preliminary experiments indicate that certain of the physi- 
cal and mechanical properties, such as density, strength, hardness, 
and hygroscopicity, can be altered by such treatments. The aim of 
these investigations is to find methods of altering the properties of 
the less valuable woods so as to increase their field of use. 

General Studies. 

These investigations are so varied in nature that they can not be 
classified under any specific heading. 

RELATION OF STRUCTURE TO PROPERTIES. 

These investigations aim to find the effect of different kinds of 
structure on the mechanical and physical properties of woods and 
to show the structure best adapted for certain specific uses. The 
work may lead to several methods of grouping, based on the use 
intended and independent of the botanical classification. The study 
of wood elements and fibers as found in pulp forms an important 
phase of the work, as does also the effect of structure on the pene- 
trance of preservatives. 

WOOD PRESERVATION. 

These investigations deal with the protection or preservation of 
wood from destruction by decay, fire, abrasion, and insects. Of 
these, decay is by far the most important, and it is with this that 
the investigations are mostly concerned. 

The importance of the investigations are illustrated by the fact 
that over 100,000,000 cubic feet of wood were treated in 1910 with 
preservatives to protect them from decay, which is an increase of 
over 500 per cent of that treated during 1904. Although it can be 
appreciated at once that the industry is rapidly growing and becom- 
ing established in this country, there are still many points on which 
further and more definite information is required in order that the 
most efficient methods may be employed. The nature of the 
investigations can best be discussed separately under the following 
classifications: 
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Preservatives. 

GENERAL. 

The cost of preservatives amounts to from 50 to 90 per cent of the 
total cost of treatment, and the ultimate success of any treatment is 
largely dependent upon the preservative used. Many substances 
have been tried as preservatives, and a variety of opinions exist as to 
what preservative will give the greatest efficiency under different 
conditions. 

It is the purpose of the work to secure authentic information on 
the relative efficiency of various preservatives which are now being 
used commercially or which give promise of success in preventing 
decay. The work may be classed into investigations of oils, metallic 
salts, and other materials, their efficiency depending to a greater or 
less extent upon the following points: 

PHYSICAL AND CHEMICAL PROPERTIES. 

This is the first step in studying the efficiency of any preservative. 
It may frequently happen that a determination of these properties is 
immediately sufficient to prove the product unsatisfactory. 

TOXICITY. 

The success of many preservatives depends entirely upon their 
antiseptic or toxic properties, or, in other words, upon their poisonous 
effect upon decay-producing organisms, insects, or marine borers. 
This is true of all the metallic salts and in a large measure of many 
of the other preservatives used. 

EFFECT ON STRENGTH OF WOOD. 

However efficient a preservative may be in retarding decay, it is 
evidently essential for the great majority of cases that the strength 
of wood should not be seriously affected by its injection. 

INFLAMMABILITY. 

There are many instances where a preservative might be advan- 
tageously used were it not for the danger of increasing the inflamma- 
bility of the timber. This is especially true in such cases as mine 
timbers, where the wet conditions are frequently adverse to the use 
of metallic salts and where the use of creosote or other oils would be 
effective were it not for the possible increased danger from fire. 
Furthermore, the protection of wood against fire is an important field 
in the wood-preservation work, since more stringent rules are every- 
where being put into effect regarding the use of inflammable material 
in buildings. 

EASE OF INJECTION INTO WOOD. 

This is an important aspect in determining the efficiency of a pre- 
servative, since it is evident that its efficiency is impaired if it can 
v * into the wood with comparative ease. 
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Processes. 

Closely related to the work on preservatives is the investigative 
work on processes. However efficient a preservative may be in 
itself, it is important that it be injected into the wood in the most 
efficient and economical manner. The work covers investigations of 
the relative efficiency of the various processes in commercial use, of 
proposed or new processes, and of the effect of varying conditions 
during treatment. The intention is to determine the effect of each 
step in various established and proposed processes upon the impreg- 
nation of the wood and its condition after treatment. 

* 

Suitability of Species. 

Closely related to the work on preservatives and processes is the 
determination of the suitability of various species for treatment. 
One of the chief aims of such work is to increase the use of the cheaper 
and less durable woods, of which there is a plentiful supply, in place 
of the more costly and naturally durable woods which are more 
generally used. Information on the relative permeability of various 
woods will be of value to the consumer in selecting his material and 
of special value to the Forest Service in disposing of many species on 
the National Forests for which at present there is no great demand. 
The work involves investigations to determine the resistance of woods 
to impregnation with preservatives, their relative resistance to 
decay, and the methods necessary to satisfactorily prepare them for 
treatment. 

Cooperative Field Work and Service Tests. 

Owing to the comparatively recent development of wood preserva- 
tion in this country, one portion of the work on this subject consists 
of cooperative field work and of service tests. The final test of any 
preservative or process applied to any species or form of material is to 
place such material under actual conditions of service and note the 
results. 

PRODUCTS DERIVED FROM WOOD, BARK, LEAVES, AND THE GROWING 

TIMBER. 

The investigations on derived products are divided according to 
the product under consideration, as follows: 

Pulp- and Paper. 

The manufacture of pulp and paper is a well-established industry 
which uses wood and rags as raw material and whose products are in 
large demand. Its magnitude as a wood-using industry is shown 
by the fact that in 1909 over 4,000,000 cords of wood were consumed. 
The cost for this wood alone was over $33,000,000. The annual 
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consumption of wood for pulp products increased over 100 per cent 
from 1900 to 1909, while its cost increased over 240 per cent. Since 
60 per cent of the wood used for pulp in 1909 was spruce and 15 per 
cent hemlock, the importance of investigating the value for pulp of 
species at present little used and of various forms of wood waste is 
evident. Studies of methods to increase the efficiency of established 
processes are also needed. 
The pulp investigations may be classified as follows: 

MECHANICAL OR GRINDING PROCESSES. 

So far as the immediate needs of the paper trade are concerned, 
this work is of the greatest importance. Much of the cheaper paper, 
such as news print, is made from pulp produced in this way. At the 
present time practically the entire supply of ground-wood pulp is 
produced from spruce, and the diminishing supply and increasing 
price of this species makes the search for satisfactory substitutes of 
live interest to pulp manufacturers. A study of the details of the 
processes used in making different kinds of pulp is also carried on with 
a view to determining the most efficient methods of production. 

CHEMICAL PROCESSES. 

It is by chemical processes that pulp for use in the finer and stronger 
grades of paper is produced, and although a greater variety of woods 
are used than for the ground-wood pulp the fundamental problem 
confronting the industry here also is the supply of raw material. In 
1909 over 85 per cent of the wood consumed consisted of spruce, 
hemlock, poplar, and balsam, and it is the prime aim of the investi- 
gative work to determine the relative suitability of other available 
species and forms of material. 

In studying the suitability of the various woods, their adaptability 
for the different established processes must be considered. This 
involves a thorough knowledge of the various processes and of the 
effect of varying certain conditions on the final product. The work 
on species and processes, therefore, is closely connected and may be 
classified into: 

(a) Studies with the soda process, which is a well-established 
process suited for either deciduous or highly resinous woods; 

(6) Studies with the sulphite process, which is the process now 
most extensively used in this country and is especially adapted for 
the not too resinous conifers and for the production of pulps where a 
very white natural color is desired; 

(c) Studies with the sulphate process, which, although used only 
to a limited extent in this country at present, gives promise of be- 
coming of more importance especially for the manufacture of pulps 
from the southern pines and more resinous woods. 
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Fig. 1.— Paper Machine, Forest Products Laboratory. 
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Wood Distillation. 

Wood distillation is already a fairly' well-established industry, con- 
sisting of two distinct branches — hardwood distillation and resinous 
wood distillation. Both branches depend on waste wood to a 
large extent for raw material so that the investigations consist (1) of 
a study of new species which may be found suitable; (2) of the 
development of more efficient methods of production and refining; 
and (3) of the determination of the properties of distillation products 
not readily marketable at present. 

The nature of the two branches of the work is as follows: 

HARDWOODS. 

This is an established industry with fairly well-standardized pro- 
cesses. Two of the main products — acetate of lime and wood alco- 
hol — are regularly quoted market articles. The third, charcoal, is 
usually sold to iron furnaces or in other local markets for fuel. In 
many of the commercial plants wood cut especially for the purpose is 
used, while others are operated on sawmill waste, so that only that 
part of the tree not suitable for lumber is used for distillation. Small- 
sized material, such as sawdust and shavings, is not practicable, since 
the charcoal produced is so fine that it is difficult to cool and handle, 
and the small size of the material makes it such a poor conductor of 
heat that it is impossible to char it satisfactorily in the ordinary forms 
of apparatus. 

The species most extensively used in commercial work are birch, 
beech, and maple. The amount of valuable products that can be ob- 
tained from these woods is comparatively well known, but very little 
information is available for other species. The purpose of the 
investigations, therefore, is primarily to determine the suitability of 
other species for distillation purposes. 

RESINOUS WOODS. 

This is a comparatively recent industry in this country for which 
standard methods have not yet been developed. Some of the 
products also have not yet become standard market articles. The 
investigations cover the following fields: 

(a) Destructive distillation. — In selecting material for this purpose 
the governing factor is the amount of resin or pitch present in the 
wood, and since this resin content is variable for different trees of 
the same species, and even in different parts of the same tree, it is 
usually necessary to select the wood in order to obtain a material 
sufficiently rich for distillation. The largest portion of material at 
present used consists of "lightwood" from longleaf pine. Stump 
wood from t^ie same species has been used also to some extent; but the 
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"lightwood" is commonly U9ed, since the stump wood is more diffi- 
cult to collect and prepare for distillation. 

(Jb) Steam distillation. — There is another form of material, such as 
the average run of sawmill waste, sawdust, and slabs from longleaf 
pine, which on account of its comparatively small resin content can 
not be used economically for destructive distillation, and apparently 
the only process which is applicable to this class of material is the 
simple and more rapid steam-distillation process, which recovers only 
the volatile oils originally present as such in the wood. 

It is the purpose of these investigations (1) to standardize meth- 
ods of distillation for various species and classes of material and (2) 
to determine the quality and value of the various products which 
may be secured. 

(c) Extraction methods. — In the distillation of resinous woods one 
of the most valuable products — rosin — is not secured. Methods have 
been developed for securing this product by extraction from the wood 
with chemicals, and these investigations deal with a study of such 
methods. 

Naval Stores or Turpentine and Rosin. 

The naval-stores industry has long been established in this coun- 
try. The general method of procedure is to tap the resinous long- 
leaf pine trees and collect the gum, which is subsequently distilled 
and refined into the two major products — turpentine and rosin. 
Under existing methods of operations there is considerable loss of 
possible products owing to unscientific methods of tapping the trees 
and collecting the gum, while at the same time it is believed that 
other species than longleaf pine might prove of value for this pur- 
pose. The study of new species and the refinement of operations 
is the main purpose of the investigative work. 

Miscellaneous. 

Work under this heading covers investigations which are not so 
broad in scope as the foregoing. They deal primarily with the uti- 
lization by transformation into other products of waste incident to 
mill operations and existing in the forests, and also include studies 
which do not deal primarily with the utilization of waste, but are 
nevertheless of value in furthering this work. Investigations at 
present under way deal with the production of ethyl alcohol, tannins, 
gas, essential oils from leaves and twigs, and the chemical composition 
of various woods. 

STATISTICAL STUDIES. 

This work deals with the collection and compilation of statistics 
on the amounts, prices, sources, and uses of various forest products 
produced annually and with studies to show where and how the waste 
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occurs and how it may be reduced. The work is of importance (1) 
to the Forest Service in so far as it assists in determining the lines 
of work which require investigations, and (2) to the Forest Service 
and users of wood at large in furnishing information regarding the 
consumption and utilization of various woods and wooden products 
in different sections of the country. 

The work falls into the following divisions: 

Annual Production op Forest Products. 

This work deals with the collection of statistics showing the annual 
production of the major forest products and is of importance in giv- 
ing a reliable yearly record of the extent and changes in the demand 
upon the forests for each kind of wood by States. 

Uses of Woods and the Manufacture of Wooden Products. 

The purpose of these investigations is to show the annual consump- 
tion of wood by the wood-using industries ard to determine the con- 
ditions governing its use and the processes of manufacture. The part 
each species plays in wood economics is thus traced from the saw- 
mill to the finished product. The information Secured is of special 
value to the Government and other owners of timber, since it points 
out the best markets for each kind of wood. It is also of value to 
the manufacturer in enabling him to determine where he can best 
buy the material which he requires. 

Lumber Prices. 

The purpose of this work is to secure periodically wholesale prices 
of lumber both at the mills and principal markets. The informa- 
tion has two main applications: 

1. It provides a continuous statistical record of the prices of the 
various woods in all parts of the country. 

2. It determines the part which freight and selling charges play 
in determining the wholesale price of the different grades. 

Miscellaneous. 

This covers minor work of a statistical nature, such as the collection 
of statistics on the quantity of wood preservatives annually con- 
sumed and the extent of the substitution of other materials for wood. 

SILVICULTURE. 

The aim of the silvicultural investigations is to secure a thorough 
knowledge of the silvical characteristics and requirements of all for- 
est trees, a solid scientific basis for the silvicultural handling of 
existing forests, and for the establishment of new forests to secure 
the most economic use of the timber and other products of the forest 
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and a more exart knowledge of its indirect benefits. The silvicul- 
tural investigations are necessarily conducted along two distinct 
lines, as experimental studies and general studies. 

The experimental work as now conducted at the Forest experi- 
ment stations is by far the most important. For the last few years 
it has been felt that only by well-ordered experiments can empirical 
procedure be replaced by truly scientific procedure. The experi- 
mental work is carried on chiefly at the seven Forest experiment 
stations of the Forest Service: the Fremont Station on the Pike 
National Forest near Pikes Peak in Colorado; the Wagon Wheel Gap 
Station on the Rio Grande National Forest, also in Colorado; the 
Fort Valley Station near Flagstaff, Ariz., and its substations; the 
Priest River Station on the Kaniksu National Forest in Idaho; the 
Feather River Station on the Plumas National Forest in California; 
the Utah Station on the Manti National Forest in Utah, and at the 
Arlington Farm in Washington, D. C, although a large number of 
experiments are conducted on various Forests and in cooperation 
with several States on State lands. 

General studies which can not be confined to one locality, such as 
regional or tree studies, are necessarily made where favorable condi- 
tions exist for carrying them on. 

FOREST EXPERIMENT STATIONS. 

The Forest experiment stations are the outgrowth of the need for 
scientific information which can be secured only in a systematic 
manner and by intensive methods of study. The Forest experiment 
station idea is not a new one; it has already been developed exten- 
sively in several European countries. The value of the systematic 
organization of Forest research work was officially recognized in Ger- 
many in 1870, when the first Forest experiment station was estab- 
lished in Baden, in connection with the Polytechnikum at Carlsruhe. 
Half a dozen of the Gorman States followed the example, instituting 
main experiment stations in connection with forest schools, and 
branches in various forest districts. The cost to the German Govern- 
ment is in the neighborhood of $30,000 annually. The work done is 
intensely scientific, and the policy of forest experiment stations is 
steadily growing in favor. 

In India, where the work of research has been neglected for a long 
time, the need for scientific investigation has now been recognized by 
the Government, and an Imperial Forest Research Institute and 
College has been created at Dehra Dun, with a faculty chosen from 
the Imperial Forest Service. 

In the United States considerable research work has been done in 
connection with forest problems. The beginning of real investiga- 
tive work in silviculture, however, must date from the establishment 
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of the first experiment station at Flagstaff, Ariz., in the summer of 
190S. Advantages of economy and greater efficiency in conducting 
investigative work in silviculture at an experiment station are appa- 
rent. Under the old system of conducting investigative work, 
assignments to an extensive area were usuallv necessarv, to which 
the observer could devote but a short field season. Under the svstem 
of Forest experiment stations, specially trained men are permanently 
assigned to a given region with which they have an opportunity to 
become thoroughly familiar and therefore are capable of conducting 
the work with the greatest effectiveness and least expense. Each of 
the experiment stations is allotted an area sufficient for the proper 
handling of short-period experiments, for experiments requiring a 
number of years, and for the maintenance of large permanent sample 
areas which serve as models typical of the silvicultural region. Such 
areas furnish the most valuable, instructive, and convincing object 
lessons for the public in general, for professional foresters, lumber- 
men, and owners of forest land, and especially for the technical and 
administrative officers of the National Forests. 

The organization of the Forest experiment stations made possible 
the use of uniform methods in dealing with forest problems. General 
problems are treated at the different stations simultaneously; local 
problems in the region to which their results apply. All of the modi- 
fying factors which enter into the results of experiments are measured 
bv observations covering manv conditions and vears and are thus 
determined once for all with the greatest economy and the least dupli- 
cation of work. 

The stations are distributed in such a way that one station is 
located in each of the silvicultural regions of the West. A single 
Forest, representing as much as possible the conditions typical of the 
region, is selected and a portion of this area set aside for the purposes 
of the experiment station. 

Fort Valley Experiment Station. 

This is the oldest station, having been established in the summer 
of 1908. It is located on the Coconino National Forest within S miles 
of Flagstaff, and is typical of the western yellow-pine forests of the 
Southwest. 

Fremont Experiment Station. 

This station was stablished in \W9. It was named in honor of 
Gen. John C. Fremont, a famous explorer of the Pikes Peak region. 
It is located on the front range of the Rocky Mountains. 75 miles south 
of Denver, 10 miles west of Colorado Springs, and 2 miles from 
Manitou, which is at the base of the mountains. The situation may 
be said to be on the -dope of Pikes Peak, although the station is nearly 
4 miles from the Peak and 1 mile lower than its summit. At ap- 
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proximately 8,850 feet elevation, the Fremont Station is almost at 
the middle of the forest range, timber line on the Peak being at 
11,500 feet, and the lower limit of forest growth at about 6,500. 
Either extreme of tree growth is within 4 miles of the station. 
The Pike National Forest is an especially desirable site for a Forest 
experiment station on account of the wide range of altitude which it 
covers and the versatility of physical conditions within its limits. 
The forest types surrounding the station are those of western yellow 
pine, Douglas fir, and Engelmann spruce. 

Wagon Wheel Gap Experiment Station. 

This station was established in 1910. While it is almost in the 
same region as the Fremont Experiment Station, the purpose for 
which it was organized is entirely distinct, namely, the study of the 
effect of forest cover upon streamflow. It is located on the Rio 
Grande National Forest near Wagon Wheel Gap, and thd watershed 
studies are carried on in cooperation with the United States Weather 
Bureau. 

Priest River Experiment Station. 

This station was organized in the fall of 1911. It is located on 
the Kaniksu National Forest about 14 miles from the town of Priest 
River. It is typical of the limited silvicultural region composed of 
western white pine and western larch. 

\ _ 

Feather River Experiment Station. 

This station was organized in the fall of 1912. It is located on the 
Plumas National Forest on the west side of the Sierras. It is within 
a region typical of the western slope of the Sierras where the most 
important species are western yellow pine, sugar pine, and incense 
cedar, which occur in mixture with each other and with other species 
such as Douglas fir and white fir. 

Utah Experiment Station. 

This station was organized in the fall of 1912 on the Manti National 
Forest, chiefly for the purpose of carrying on intensive grazing studies, 
especially studies of the effect of grass cover and grazing upon floods, 
erosion, and purity of the water supply. Since this station is located 
in the Wasatch range of mountains in the midst of vast areas of aspen, 
opportunity is afforded also for carrying on silvicultural investiga- 
tions in the management of aspen stands and their replacement by 
conifers. 

Arlington Farm, Washington, D. C. 

The work at the Arlington farm is limited to seed tests in the green- 
houses of the Bureau of Plant Industry and to basket-willow studies, 
propagation of different varieties of willows, and raising small quan- 
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titles of basket-willow rods of the recognized commercial species. It 
is not, therefore, a forest experiment station in the sense all other 
stations are. 

The experiment stations in the different districts do not attempt to 
duplicate the work of each other, but each aims to concentrate on 
problems most typical and most urgent in the district in which it is 
located. Examples of this are as follows: 

District 3 (including Arizona and New Mexico) has a problem of 
the first importance in the study of the western yellow-pine forest, 
its management and reproduction. The investigations in this district 
are therefore chiefly directed to the solution of such problems. All 
other districts have western yellow pine which enters more or less 
into the management of their Forests, but to a less extent than in 
District 3. 

In District 2 (Colorado and Wyoming) lodgepole pine, Douglas fir, 
and Engelmann spruce form the bulk of the Forests. Their manage- 
ment and reforestation is therefore the main field for investigation. 

In District 1 (Montana and northern Idaho) the western white pine 
and larch types, and to a considerable extent, also, lodgepole pine, 
attract especially the attention of the investigator. As far as the 
problems in the lodgepole-pine type are concerned, however, the inves- 
tigations are divided, as far as possible, between Districts 1 and 2. 
Thus the investigations in District 1 are chiefly of growth, volume, 
and yield; in District 2, chiefly of seed collection, seed extraction, 
and reforestation. 

In District 6 (Oregon, Washington, and Alaska) the experiments 
in the Douglas-fir type are emphasized, while in District 5 (California) 
the mixed forest of sugar pine, yellow pine, and incense cedar as well 
as eucalyptus problems are brought to the front. 

The silvicultural investigations carried on by the Forest Service are 
conveniently classed under the following headings: 

Forestation: 

General studies. 

Seed, production, fertility, methods of extraction, etc. 

Nursery practice. 

Species, methods, and seasons for artificial forestation. 

Sites — limits upon the growth of each species fixed by site conditions. 

Introduction of exotics. 

Species. 
Forest influences upon climate, stream flow, erosion, etc. 
Management: 

General systems and their technical basis. 

Methods of cutting. 

Brush disposal. 

Natural reproduction. 

Thinnings. 

Valuation — immature growth, merchantable timber, soil for forest production. 
Mensuration. 
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Protection from— 

Fire. 

Grazing. 

Diseases. 

Insects. 

Animals. 

Snow. 
Regional studies of types and forest conditions. 
Silvical studies : 

Distribution of forest trees and types. 

Forest types — description, basis of tree associations, etc. 

Special studies. 
Tree studies: Growth, yield, silvical characteristics, methods of management , etc. 
Utilization studies. 

FORESTATION. 

The studies and experiments in forestation cover the entire field 
of establishing a forest by artificial means — from the collection of the 
seed to the final sowing of seed or planting of trees in the field . They 
include investigations in regard to the collection and testing of seed; 
factors influencing the amount and quality of seed produced, such as 
site, age, and condition of the tree; periodicity of seed years; effect 
of the source of seed, such as the locality in which the seed was pro- 
duced and the condition of the mother tree, upon the size and hardi- 
ness of the seedlings. They cover experiments in the nursery as to 
the time of sowing, depth of covering, necessity for shade, protection 
from bir<Js and rodents, age at transplanting, methods of transplant- 
ing, use of fertilizers, etc., for the various species, also experiments 
in seed sowing and planting of nursery and forest-grown stock to 
determine the comparative values of each for the various species and 
sites, as well as the best seasons, the best age of stock, methods of 
sowing and planting, the possibility of extending the range of native 
species, or of introducing exotics. 

Seed Investigations. 

The extensive seed collecting and seed extracting operations now 
carried on by the Forest Service called forth an important line of 
experiments with seed. This included methods of collecting, clean- 
ing, extracting, testing, and storing of seed. The technique of 
handling large quantities of cones and of handling the seed receive 
special attention, since it is felt that this work, involving the expendi- 
ture of thousands of dollars, must, by all means, be on a scientific basis. 

From the tree to the final storage room seed under artificial treat- 
ment is liable to a great many injuries in careless hands. The prob- 
lems have not been thoroughly worked out by commercial seed deal- 
ers because the demand for forest tree seed has been small. Even the 
procedure worked out by European foresters can not be closely fol- 
lowed in handling our native species, such as lodgepole pine or western 
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5. In the introduction of species to a new region, such, for instance, 
as the Nebraska sandhills, where all forest trees may be considered as 
exotics, many unexpected natural enemies make their appearance. 
Probably the most important factor in success or failure, however, is 
climate. Despite all efforts to care for seedlings in the nursery, to 
protect them from disease, excessive light, and drought, and despite 
the efforts to make the conditions at the time of planting as favorable 
as possible, results so far obtained indicate that in a given situation 
only a certain proportion of the orginal number of seedlings of any 
species will survive. Failure to adapt to new conditions is the only 
possible explanation. Can the quality of adaptability, or original 
hardiness, be traced to the parent trees f 

These problems are only different phases of one problem — when and 
how shall the seed for reforestation work be selected ? 

A number of experiments to answer these questions are now car- 
ried on at the different experiment stations. In order to yield 
conclusive results, however, these experiments will have to be carried 
on for several years. 

Nursery Practice. 

Experiments in nursery practice are confined to raising stock in 
the nursery. There are many problems in the handling of a forest- 
tree nursery in a given region which must be determined for that 
particular nursery. To accept the findings of an investigator who 
has worked with entirely different conditions of soil, climate, and 
tree species may be worse for the nurseryman than to be ignorant of 
any such investigations. For instance, nursery practices which have 
proved very successful in the New York State nurseries have been 
almost disastrous when attempted under the absolutely different 
conditions of the Halsey nursery, Nebraska. There are practices 
which would be bad under any conditions, others which with discre- 
tion might well be applied anywhere, but for the most part each 
nurseryman must work out his own problems. 

Species, Methods, and Seasons — Sites. 

Experiments with species, methods, and seasons, as well as with 
sites, are designed to determine what measure of success may be 
expected from different species and methods for planting or sowing 
on various sites. With respect to the latter point, the problem is 
mainly one of determining where the efforts may be best applied in 
the hope of encouraging the reforestation work on favorable sites, 
and it will usually follow, too, that the site which is most favorable 
for sowing and planting will produce the best timber in the shortest 
time. On the other hand, situations most in need of a protective 
forest are usually the most difficult to stock. 
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The methods of procedure in sowing and planting must be thor- 
oughly worked out on a small scale in order to execute larger opera- 
tions, which are much needed, most economically. The importance 
of this line of work can not be overestimated, nor should the value of 
small, carefully studied experiments be deprecated. Viewed on the 
basis of present plans for reforestation work, and the experience 
gained at experiment stations during the last few years, a thousand 
dollars expended in experimental work at two or three points would 
furnish a knowledge of methods andseasons for sowing a given species, 
while in a single year $10,000 might be expended without results 
if the work happened to be done at the wrong time or in the 
wrong way. The value of any method of sowing or planting must be 
judged entirely by the results which it produces, or, in short, the num- 
ber of trees established in a new site, for each dollar expended. 

The numerous problems encountered in the reforestation work, the 
solution of which is being attempted, may be grouped as follows: 

1. Effect of situation (slope, aspect, etc.) on success of sowing and 
planting. 

2. Effect of herbaceous, shrubby, or arborescent cover on the 
success of sowing or planting. 

3. Effect of grazing on the work of reforestation. 

4. The best season for sowing and planting. 

5. The best methods of sowing and planting, or comparison of both 
processes, including the preparation of ground. 

6. The best kind of stock for planting (in a given species). 

7. The destruction of rodents, and other means to insure the suc- 
cess of sowings. 

The best methods of reforestation and the most favorable season 
for sowing seed and planting nursery stock are being tested with all 
important trees upon the National Forests. 

Studies in Range Extension and Introduction op Exotics. 

Within the National Forests, as well as outside of them, in the 
mountainous regions, the several forest types are found in distinct 
altitudinal zones. 

The chief differences between successive zones lie in the amount of 
precipitation which they receive and, less important, in a decreasing 
mean temperature toward the higher altitudes. To what extent the 
amount of moisture preseiit in the soil and the temperature absolutely 
limit the altitudinal range of a species and to what extent this limita- 
tion of range of any species is due to the more successful competition 
of another species is still a matter of speculation. It is believed that 
any species is capable of adapting itself to less moisture on the one 
hand and lower temperature on the other than are found in its native 
habitat. Such being the case, it is possible that yellow pine and 
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Douglas fir, for instance, by far the most valuable of the four principal 
species concerned in the Rocky Mountains, can be made to grow in 
place of the less valuable pifion on the one hand and the less valuable 
Engelmann spruce on the other. It goes without saying that this is 
a problem in reforestation to be considered where there-is to be no 
competition between the natural species of the type and the species 
whose range is extended into that type. In other words, can we not 
create temporary types in reforestation more valuable than the 
natural types ? 

To answer this question, two experiments have been inaugurated 
at the Fremont Station with the extension of Douglas fir by artificial 
sowing and planting to higher altitudes and with the extension of 
yellow pine to lower altitudes. These experiments, if serving no 
other useful purpose, will furnish more definite information than is 
yet available regarding the climatic limitations of successful 
reforestation. 

What is true of altitudinal range is also true of geographic range. 
There are many species which occur in some National Forests and are 
absent in others, although the climatic and other physical conditions 
may be nearly the same. Thus, lodgepole pine is absent from the 
southeastern portion of the Rocky Mountains, yet there are many 
localities where it could apparently grow well. 

Experiments were instituted in several of the National Forests, 
and especially in the Fremont Experiment Station, for the purpose of 
determining the possibility of introducing, by means of sowing and 
planting, such species as eastern white pine (Pinus strobua), western 
white pine (Pinus monticola), lodgepole pine, Norway pine, and several 
others which do not occur there naturally, but whose climatic require- 
ments do not differ essentially from the other species growing in those 
localities. 

While the Forest Service is not directly concerned with the intro- 
duction of any foreign species into this country, and believes that our 
own forest flora is so rich in species that it is possible to find trees 
practically for any situation and soil, yet there are a few species 
abroad the advantage of which is so evident that the Forest Service 
carried on several experiments for the purpose of determining their 
suitability in this country. Among the species are cork oak, mari- 
time pine, Austrian pine, European larch, Norway spruce, Scotch 
pine, eucalypts, and acacias (wattles). 

FOREST INFLUENCES. 

Experiments in forest influences aim to determine the relation of 
forests to climate and stream flow and also to obtain data necessary 
for a proper understanding of all other silvicultural experiments in 
which the climatic factor enters into the results. The essential fea- 
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tures of these experiments are meteorological observations arranged 
in such a way as to bring out the relation between vegetation, climate, 
and stream flow. These observations are carried on in cooperation 
with the United States Weather Bureau. The cooperative plan 
agreed to by the Weather Bureau provides that it shall furnish the 
instruments for observations of air, temperature, humidity, precipita- 
tion, and wind velocity. In most cases three sets of instruments are 
installed at the same experiment station, either in different forest 
types or in the forest, on the edge of the forest, and in the open. 

One of the most important forest influences is considered to be its 
effect upon stream flow. 

There is still some skepticism as to the great value of the forest 
cover in retaining the water of precipitation and preventing its rapid 
run-off. The results of European investigation of this and other 
matters concerned with the indirect influence of the forest must not 
be taken as final, or even as having very great bearing on the question 
as presented in this country. The fact that Europeans have found 
very little difference between the climate inside and that outside the 
forest, that they have noted no great change in the flow and quality 
of their streams, etc., is easily accounted for on the ground that their 
observations have covered no great range of climatic conditions, and 
that they have practically all been made since the time when the forest 
area assumed its normal position in the balance. No such.extremes 
of climate as this country possesses, or such a change in the forest 
cover as has been witnessed here in the past century, are to be imagined 
for any country in Europe, and hardly for the whole continent. The 
study of the effect of forest cover upon stream flow is studied at the 
Wagon Wheel Gap Station, which has been established entirely for 
this purpose. The object of the stream-flow experiment as it is con- 
ducted on the Rio Grande National Forest is to determine by means 
of the most highly accurate measurements the effect of forest cover 
upon the high and low water stages of mountain streams, the total 
run-off from mountain watersheds as compared with the annual 
precipitation, and the erosion of the surface of such watersheds. The 
measurements of factors concerned are so made as to furnish in a 
general way an estimate of the relative amounts of run-off and evap- 
orated water of each watershed. Since, as has been shown by 
geological examination, there is very small possibility of an escape of 
the water of precipitation, by percolation, other than through the 
main channels of the streams involved, there is no third element to 
be measured. 

In the present case the comparison of the forested and nonforested 
mountain watershed is obtained in a manner which can not fail to 
give convincing results. Measurements of the streams in two 
watersheds, both moderately well covered with forest, will be con- 
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ducted for a number of years with the measurements of all the fac- 
tors which may affect the character of the flow of each stream. By 
this process a certain relation will be established between the two 
streams for different sets of conditions of different characters. For 
instance, it will be found that a given amount of precipitation produces 
in one watershed a flood of a given height and in the other watershed 
a flood of slightly different height, but both influenced by forest 
covers of practically the same character. Or, again, a given amount 
of snow melting under a given maximum and mean daily tempera- 
ture of air and soil produces a given flow in each stream. When 
this comparison has been carried long enough to furnish a number 
of relations between the two watersheds, one watershed will be de- 
nuded and the forest cover upon the other will be retained. There 
will be, therefore, upon the forested watershed the same conditions 
affecting the flow of the stream in that watershed as during the earlier 
part of the experiment, while upon the denuded watershed the condi- 
tions will have been changed only so far as forest cover is concerned, 
and any changes in the relative behavior of the two streams as 
before and after the denudation must therefore be accredited to 
the change in forest-cover conditions. To cite a hypothetical case: 
With the forest cover on both watersheds a rainfall of 1 inch in 
1 hour produces a flow in the watershed A of 1 foot of water over 
the weir, the crest of the flow occurring 2 hours after the begin- 
ning of the precipitation as recorded by the time record at the 
head of the watershed and automatic stage register at the measuriijg 
point of the stream. In watershed B the same precipitation pro- 
duces a flow of 15 inches over the weir, occurring If hours after the 
beginning of the storm. The two streams during the progress of 
this flow deposit an equal amount of silt in the settling basins as 
measured by actual weight, and samples of the water passing out 
of the basins are shown to be carrying the same amount of finer silt 
which does not settle. 

After the denudation of watershed B, a similar storm produces in 
watershed A a similar flow as regards volume and time, while in water- 
shed B it produces a flow of 20 inches, occurring 1J hours after the 
beginning of precipitation, and it is found that a much larger amount 
of silt has been deposited in the settling basin. 

It must be admitted that such comparative records as these, 
whether or not they prove the contention as to the value of forest 
cover in retarding run-off and preventing erosion of the slopes of 
watersheds, must carry conviction which can not fail to be of assist- 
ance toward a proper understanding of the value of mountain 
forests. 
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MANAGEMENT STUDIES. 

The purpose of these studies is to determine the best methods 
of cutting in the different forest types in order to secure natural 
reproduction in the shortest possible time. The most economical 
and best method of reforestation is, of course, by natural seeding 
from the trees left on the cut-over land or from trees adjoining the 
cutting. These studies include also experiments in assisting natural 
reproduction by various methods of brush disposal, destruction of 
unfavorable ground cover, soil preparation, and other means. By the 
study of cut-over areas in which there is already partial reproduction 
much time may be saved in obtaining results. The old cuttings, 
however, did not follow any distinct silvicultural systems, and few, 
if any, followed the systems which we may hope to adopt in the 
future. For the most thorough studies, therefore, it is necessary 
to select small areas of timber sales and follow out an ideal system 
of cutting, sometimes at slight additional expense, since it is fre- 
quently necessary to overreach the terms of the contract under 
which the main cutting is being done. While a fair beginning has 
been made in experiments of this character, there are few results 
available as yet, since it will take several years before the effect of 
one or another method of cutting will show itself upon the success or 
failure of natural reproduction. 

Studies in management include further experiments in thinnings 
to determine the effect of improvement cuttings on the volume and 
quality increment of the remaining trees for various exposures, 
types, and species with special reference to the relation of the cost 
of such thinnings to the value increment. While thinnings as a dis- 
tinct cultural operation will be hardly applicable yet for many years 
in most of our forests, there are types where the removal of certain 
classes of trees is practicable at present and is of benefit to the 
remaining stand. Such stands are found in the lodgepole pine, 
Douglas fir, and in some instances also in the yellow pine types. 
Thinning experiments are now conducted on a number of Forests, 
especially in Districts 1 and 2. 

Methods of determining the value of land for agricultural or forest 
purposes, and of ascertaining the damage caused by fire to immature 
or mature stands, form also a part of management studies. While 
there are definite mathematical formulas for calculating the pro- 
ductive capacity of the soil and the value of immature timber, the 
application of the formulas depends on many factors, such as the 
rotation adopted for the different species, stumpage prices, cost of 
natural or artificial reforestation. These factors must be carefully 
studied before we can be certain that the formulas used answer the 
present economic conditions of forestry in this country. 
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i 
MENSURATION STUDIES. 



The proper handling of timber sales as well as the management of 
the forests must necessarily be based on reliable data as to the growth, 
volume, and yield of the different species and types of forests. They 
are also essential for determining the damages caused by fires, tres- 
pass, etc. The purpose of growth studies is first of all to collect such 
data, and from them to establish certain laws of tree growth. In 
addition, studies in mensuration include comparison of different 
methods of gathering data; for instance, whether the accretion borer 
or stump analysis should be used for determining the rate of growth, 
tape or calipers for standing trees on sample plots, strip surveys, or 
ocular estimates for determining yield in reconnaissance work. 
The work of collecting growth and yield data is carried on largely 
in connection with the reconnaissance work in the districts and is 
confined to timber-sale areas which afford the best opportunity for 
measuring large numbers of trees, and to permanent sample plots 
which present the best means for measuring the growth of standing 
timber. Such data are also collected in connection with tree studies. 

To the growth and yield studies belong also the establishment of 
permanent sample plots. The purpose of the sample plots is to have 
in forests typical for a given region and species definitely and dis- 
tinctly marked areas on which all the trees are carefully measured 
and within which certain silvicultural operations, such as thinnings, 
improvement cuttings, etc., are made. These areas are measured 
at definite intervals for each experiment, and the results of thinning, 
opening up of the forest, or removal of the litter which find their 
expression in the growth of the trees are studied. These areas at 
the same time furnish yield data, that is, the amount of timber that 
can be secured from forest land at certain ages of the stand. Most 
of the sample plots are now established on the National Forests in 
connection with other studies. In the East sample plots were estab- 
lished on State and private land, and many of them which were 
established five years ago were recently remeasured. While these 
sample plots are extremely valuable in themselves, they are also 
used in connection with other studies, such as tree studies or the best 
methods of handling timberlands or farmers' woodlots. The sample- 
plot method is the most reliable one for studying forest problems, and 
furnishes the basis for American forest management. 

PROTECTION STUDIES. 

These studies aim to ascertain the extent of the effect caused by 
fire, grazing, diseases, insects, animals, and climatic agencies, such 
as snow, hail, and wind, upon standing timber and natural repro- 
duction. The studies of the effect of grazing form a part of the graz- 
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ing studies conducted by the Branch of Grazing and are taken up 
more fully under the head of Grazing. The object of these investiga- 
tions is to secure definite data in regard to actual amount of damage 
done to natural reproduction by grazing, and of devising a system of 
range control whereby the damage may be minimized without the 
total exclusion of stock. The relation of grazing to fire protection, 
the use of goats for destroying chaparral, and thus preparing for 
reforestation are among the problems taken up under this head. 

While the investigations of the diseases of trees are under the 
direction of the district pathologist of the Bureau of Plant Industry, 
much information is being collected by the Forest Service as to the 
effect and extent of various tree diseases, such as rot, mistletoe 
infestation, witches' brooms, leaf and seedling diseases. Similarly, 
while the investigations of insect infestations are in charge of the 
Bureau of Entomology, studies of the actual insect control, the 
location and extent of infested areas are carried on by forest officers. 
Specimens of injurious insects, together with specimens of their 
work, are collected and forwarded for identification to the Bureau 
of Entomology. 

Habits and detrimental or beneficial effects of wild animals upon 
forest growth, damage by rodents and birds in destroying seed or 
seedlings, and methods of combating such animals are a part of the 
studies conducted under Forest Protection. These studies are 
carried on in cooperation with the Biological Survey, which decides 
upon the most effective methods of combating the animals. 

REGIONAL STUDIES. 

Regional studies aim to secure authentic information concerning 
the forest resources of State or forest regions. They deal with 
problems peculiar to the region or State and are therefore of direct 
benefit to the timber and woodlot owners of that State or region. 
Most of the studies are carried on in cooperation with the States and 
are published by the States. The regional studies provide informa- 
tion applicable to the timberland or woodlots within that region. 
This enables the Forest Service, in advising the individual timber or 
woodlot owner, to do away to a large extent with the necessity of 
examining each individual woodlot. Aside from the practical value 
of such regional studies they contribute to a more exact and fuller 
knowledge of the forest resources of this country and their distribution. 

SILVICAL STUDIES. 

The proper aim of silvical studies is to establish a definite relation 
between the forest region, forest types, and forest trees in general, 
and the climatic and physical factors affecting their distribution and 
growth. Silvical studies are, therefore, largely forest ecological 
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studies. The silvical studies proper are largely concerned with the 
studies of types, their origin, characteristics, permanence, and their 
development from the seedling stage to maturity. They seek to 
correlate the vegetative phenomena of tree growth, such as leafing, 
flowering, seed ripening and dissemination, and leaf falling, with 
climatic factors. They attempt to determine soil, moisture, and 
light requirements of the different species and the methods of deter- 
mining these requirements of forest trees. These studies are basic and 
form the foundation upon which the practical application of the 
silvicultural methods must rest. 

TREE STUDIES. 

The purpose of tree studies is to secure information concerning the 
important forest trees of this country as a basis for their proper 
management. The results of such studies appear as monographs 
dealing with the range of each tree, its silvical characteristics, yield, 
and management. , 

The studies of individual trees in the forest embrace those points 
usually included in a silvical study, habitat, silvical characteristics 
and requirements, form, volume, growth, seeding capacity, enemies 
and diseases, phenology, etc. The requirements of trees are studied 
not only by general observations but by actual measurements of the 
physical factors in which they are growing, and the results are 
expressed as far as possible in absolute figures. Thus, in studying 
the light or moisture requirements of a species the actual light 
intensity or water contents of the soil in which it grows is measured. 

UTILIZATION STUDIES. 

While problems in the utilization of timber are best handled by the 
Madison laboratory, yet the field studies in silviculture also present 
many opportunities for experimentation along this line. The vast 
areas of fire-killed timber bring up the question as to the length of 
time during which the fire-killed timber may still remain serviceable 
and therefore merchantable. The rapidity and the causes of deterio- 
ration of fire-killed timber is of vital interest, and studies to determine 
these facts are now carried on in a number of National Forests, espe- 
cially within the area visited by the disastrous fires of 1910. 

Since it is frequently necessary to leave mature or overmature 
trees for seed production, it is important to know how long such trees 
will continue to bear seed and how soon they will become unmerchantr 
able. To this end records are established at several of the experiment 
stations on a number of trees in various stages of decadence. The 
records include the number, location, diameter breast high, crown 
and bole description, and effects for each individual tree. 
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Aside from the utilization studies there is a distinct field for silvical 
investigation in connection with the studies of the technical qualities 
of wood. There should be established a definite relationship between 
the technical qualities of timber and conditions of their growth — 
various altitudes, soils, and slopes. This relationship would enable 
such handling of the growing forest as to secure the most desirable 
qualities by means of silvical operations. 

THE PROGRAM OF DTVESTIOATIVE WORK FOR 1912. 

In accordance with the investigative organization adopted this year 
a program of investigative work for 1912, submitted in the prescribed 
manner, has been approved by the Forester. This program includes 
353 investigative projects. 

DEFINITION OF A PROJECT. 

In preparing the Service program each investigation having a 
single object but involving one or several similar operations was 
considered a distinct project. The object, however, must not be too 
minute, but must aid at the solution of some problem of broad 
importance. What is considered as a project can best be shown by 
the following examples: In reforestation work all methods of sowing 
or planting the same species at different times of the year in a single 
district^ were included under one project. Thus yellow-pine sowing 
or planting by different methods and at different seasons in District 
2 constitutes a single project. In products work all tests of me- 
chanical properties of wood, based upon small specimens from com- 
mercial species in the United States, are classed as one project, not 
the tests on each individual species. 

By thus combining as one project a number of operations having 
the same object, an opportunity is afforded to correlate the results 
and arrive at more definite conclusions than if each operation is 
considered separately. The final determination of what constitutes 
a problem of sufficient importance to class as a project must rest 
with the administrative officers directing the work. 
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The program of work, as approved, is given below: 



DSNDBOLOGY. 



A.— DESCRIPTION AND DISTRIBUTION OF NORTH AMERICAN TREES AND SHRUBS. 



Project. 



Forest trees of the United 
States: Rocky Mountain 
region, Northeastern re- 
gion. 

Shrubs of the United States. 



Forest distribution studies. . 

Study of the forest flora. 
(Herbarium.) 



Object. 



To bring together in a comprehensive manner all the 
available information on botanical and silvical char- 
acteristics of forest trees by regions. 

To bring together all available information on the 
botanical characters of shrubs for the purpose of 
identification. 

To determine the geographic distribution of North 
American trees and shrubs. 

To collect specimens of different species of forest trees 
and shrubs for use in dendrological and silvical 
studies, and in the identification of specimens which 
are sent in, and also for supplying the Washington 
and district herbaria with a full set of specimens. 



B.— IDENTIFICATION OF NORTH AMERICAN FOREST TREES. 



Wood structure. 



Distinguishing characteris- 
tics of the wood of North 
American trees: North 
American walnuts, syca- 
mores, elms, pines, hick- 
ories, jack pine, red pine. 

Hand collections of 75 spe- 
cies of commercially im- 
portant North American 
woods for distribution to 
educational institutions 
and to Forest districts. 



To determine the structural and other distinguishing 
characters of different species and groups of woods 
for the purpose of identifying them. 



To furnish collections to schools and districts. 



General. 



Identification of seedlings 
and mature catalpa trees 
by means of the wood 
structure and external 
characters. 

The distinguishing charac- 
ters of turpentined pine 
woods of the South. 



To determine reliable means for identification of the 
wild and cultivated species of catalpa. 



The identifications of wood from trees that have been 
turpentined. 
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C— IDENTIFICATION OF EXOTIC FOREST TREES. 

Wood structure. 



Project. 



Distinguishing characteris- 
tics of Circassian walnut 
wood. 

Distinguishing characteris- 
tics of tropical and sub- 
tropical woods: 
True mahogany 

Panama woods 

• 

Greenheart 



Object. 



To determine the structural characters which dis- 
tinguish this wood from common substitutes. 



To furnish information on the distinguishing characters 

of the different grades of true mahogany wood. 
To furnish information on the distinguishing characters 

of commercially important woods of the Panama 

zone. 
To furnish information in regard to the distinguishing 

characters of greenheart wood. 



D.— SPECIAL STUDIES. 



Pith flecks in North Ameri- 
can woods. 



To determine the cause of pith flecks in North 
American woods and their value as distinguishing 
characters. 



GRAZING. 



A.— ARTIFICIAL RESEEDING. 



Restoration of overgrazed 
areas end improving the 
quality of forage by artifi- 
cial reseeding with culti- 
vated plants. 

Introduction of forage plants 
in the Southwest. 

Relation of soil acidity to 
artificial reseeding. 

Cultivation of indigenous 
forace plants with a view 
to wen* use for artificial 
reseeding of the range. 



To determine under what conditions seeding can be 
successfully undertaken, methods of seeding, time 
of seeding, amount of seed, cultural treatment, and 
methods of handling the lands during the restocking 
period. 

To determine the possibility of improving range con- 
ditions in District 3. 

To determine (1) cultivated species best adapted to 
acid soils; and (2) how to recognize strongly acid soils 
by character of native vegetation. 

To carefully select a few promising native forage plants, 
collect seed in native nab itat, put it under cultiva- 
tion at Forest experiment stations, and to .determine 
the possibility of securing seed for distribution at a 
cost not prohibitive. 



B.— NATURAL RESEEDING. 



Restoration of overgrazed 
areas by the natural re- 
seeding of native forage 
plants. 

Rotation grazing 



Range improvement by nat- 
ural reseeding. 



To determine (I) the possibilities of naturally reseeding 
depleted lands that still have part of the stand of 
native vegetation; and (2) to devise a system of graz- 
ing which will accomplish this result if possible. 

To study the practical application of a rotation system 
of grazing developed as a result of the preceding 
study to determine more fully (1) the advantages of 
this system, over existing systems, to the range and 
to the stock; and (2) to what extent it can be applied 
in the practical management of Forest ranges. 

To determine the possibility of increasing carrying 
capacity of much depleted range on Hayden Forest 
without total restriction of grazing. 
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C— DISTRIBUTION AND ECONOMIC IMPORTANCE OF FORAOE PLANTS. 



Project. 



Life history, forage value, 
and ecological require- 
ments of important forage 
in the mountains of north- 
eastern Oregon. 

Distribution, life history, 
and economic importance 
of forage plants. 

Distribution, natural habits, 
and economic importance 
of forage plants. 



Object. 



To determine the entire life cycle of important forage 
plants in this locality as a basis for judicious manage- 
ment of the grazing of lands supporting these plants. 

To brine together valuable information on this line col- 
lected^ in connection with range reconnaissance by 
special grazing men. 

The collection and identification of forage plants on 
important grazing Forests, accompanied by notes on 
distribution, growth requirements, and forage value. 



D.-FOREST PROTECTION (GRAZING). 

[Listed under " Silviculture — Protection."] 

E.— METHOD8 OF HANDLING STOCK. 



Small coyote-proof inclosure 
in connection with range 
lambing allotments. 

Improved methods of han- 
dling sheep on Forest 
range. 



Using range without water 
for sheep grazing. 



Carrying capacity of range. 



To determine the possibility of (1) decreasing damage 
to range during lambing period; (2) increasing per- 
centage of lambs saved; (3) decreasing cost and diffi- 
culty of handling. 

To study the practical application of results from Ore- 
gon pasture experiment to determine (1) possibility 
of keeping sheep away from an established camp; 
(2) advantages of such a system to the range and the 
sheep as compared with existing methods; and (3) 
determining now many sheep should be run in a 
band. 

To ascertain (1) kind of forage; (2) climatic conditions; 
and (3) method of handling sheep which are essential 
if range without watering places is used for sheep 
grazing. 

To secure actual figures on the number of acres of range 
of a given type necessary to support a sheep. 



F.— DEVELOPMENT OF STOCK-WATERING PLACES. 



Methods of developing stock- 
watering places. 



To bring together available data on subject to deter- 
mine (1) under what conditions to develop water; 
(2) most efficient methods of development; (3) 
capacity of watering place necessary per head of 
stock. 



G.— POISONOUS-PLANT INVESTIGATIONS (COOPERATIVE).! 



Loco-weed disease. 



Larkspurs as poisonous 

plants. 
Rubber weed as a poisonous 

plant. 
Lupines, death camas, and 

miscellaneous poisonous 

plants. 



To determine (1) poisonous species; (2) under what 
conditions poisoning occurs; (3) antidote; (4) man- 
agement of stock on poison areas; and (5) eradication 
of plants. 

Same as above. 

Same as above. 
Same as above. 



i Forest Service cooperates by selecting field stations, aiding in equipping stations, collecting informa- 
tion as to extent of losses and locality of loss, and to the extent of $2,000 for salary and expenses. Has 
nothing to do with collection of scientific experimental facts. 
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H.— SPECIAL STUDIES. 



Project. 



Reclamation of mountain 
meadows depleted by 
erosion. 

Effect of grazing upon ero- 
sion, streamnow, and 
purity of water supply. 



Object. 



To determine possibility of constructing small dams in 
erosion gullies, checking velocity of water, and silting 
up gullies. 

To determine the effect of grazing upon erosion, 
streamflow, and purity of water supply. 



PRODUCTS. 

A.— MECHANICAL AND PHYSICAL PROPERTIES AND STRUCTURE OF WOODS. 

Mechanical properties. 



Project. 



Tests on small specimens 
free from dejects. 

Mechanical properties of 
woods grown in the 
United States. 1 



The relation between static 
and impact loading in 
testing mechanical prop- 
erties of wood. 

Tests to determine the 
strength of wood beams 
under continuously ap- 
plied loads. 

Tests on structural timbers. 

Tests on redwood 



Object. 



To establish scales by means of which it will be possible 
to compare directly the bending and compressive 
strength, shearing, stiffness, toughness, specific 
gravity, etc., of the commercial timbers of the 
United States. 

To determine the relation between static and impact 
loading on the mechanical properties of wood. 



To determine the effect of continuously applied loads 
upon the mechanical properties of woods. 



To determine the mechanical properties, and to in- 
vestigate the influence of different localities on 
strength. 

Same as above. 

Same as above. 

To determine the efficiency of various types of joints 
and fastenings used in wooden structures. 



Tests on green and air-dried 

western yellow pine. 

Tests on western larch 

Tests on the mechanical 

efficiency of joints and 

fastenings in wooden 

structures. 
Investigation of lumber 

waste in building scaffold- 
ing, and the introduction 

of new methods. 

Tests on manufactured articles. 

Tests of packing boxes, in 
cooperation with the bu- 
reau for the safe transpor- 
tation of explosives and 
other dangerous articles. 

1 Select species for test to correlate with Silviculture's commercial tree studies. 



To secure information which will assist in reduction of 
waste in building scaffolds and in the possible 
utilization of thinnings for this purpose. 



To determine the suitability of various types of boxes 
for use in the transportation of explosives and other 
dangerous articles, and to secure data upon which 
specifications and improvements in design of such 
boxes may be based. 
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A.-MKCHANICAL AND PHYSICAL PROPERTIES AND STRUCTURE OF WOODS-Contd. 

Mechanical properties — Continued. 



Project. 



Tests on manufactured arti- 
cles — Continued . 



Testa of poles. 



Study of wood which may be 
used as substitute for 
dogwood and persimmon 
for the manufacture of 
shuttles. 

Effect of preservative treat- 
ments, etc., on strength. 

Effect of commercial proc- 
esses of creosoting on the 
strength of structural 
timbers. 

Effect of mechanical opera- 
tive features of pressure 
wood -preserving plants on 
the strength of wood. 

Relative efficiency of vari- 
ous wood preservatives. 



Object. 



To determine the comparative strength and stiffness of 
various species which are not now used extensively 
for poles, out which are believed to be satisfactory for 
this purpose. 

To determine what woods are suitable substitutes for 
dogwood and persimmon for use as shuttles. 



To determine the effect on the strength of southern 
yellow pine and Douglas fir bridge stringers of treat- 
ing with creosote by the Bethell and boiling processes. 

To determine the effect upon the strength of wood of the 
various steps and manipulations of commercial wood- 
preserving processes. 

To determine, in conjunction with other experiments 
to be conducted under this project, the effect of 
various preservatives on the strength of wood. 



Physical properties. 



Fundamental properties. 

Specific heat and heat con- 
ductivity of wood. 

Penetrability of woods to 
liquids and gases. 

Relation of the hydroscopic 
condition of wood to tem- 
perature and vapor pres- 
sures. 

Determination of the heat 
of absorption of water in 
wood. 

Specific gravity of wood sub- 
stance. 

Conditioning experiments. 

Air seasoning of structural 
timber. 

Experiments with small 
single chamber experi- 
mental kiln. 

Experimental operation of 
a continuous chamber dry 
kiln of commercial size. 



To determine the specific heat and heat conductivity 
of different woods. 

To secure information on the exact ways in which 
liquids and gases penetrate wood and wood sub- 
stances. 

To determine the hygroscopicity of wood, or its relation 
to atmospheric moisture at various temperatures. 



To secure a short method to determine the relative 
hygroscopicity of various woods. 

To determine the specific gravity of wood substance. 



Correlate, analyze, and compile all available data on 
this subject. 

To determine the best methods for controlling the 
humidity and temperature conditions in the kiln 
with different forms and species of lumber. 

To determine the best methods for controlling the 
humidity and temperature conditions in a continu- 
ous chamber dry kiln of commercial size. 
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A.— MECHANICAL AND PHYSICAL PROPERTIES AND STRUCTURE OF WOODS— Contd. 



Physical properties — Continued. 



Project. 



Conditioning experiments — 
Continued. 

Operation of single chamber 
dry kiln of commercial 
size. 

Study of commercial proc- 
esses used in kilndrying. 

Analytical study of artificial 
methods of drying wood. 



General studies. 

Temperature changes in 
wood under treatment. 

Experiments in gluing 
black-gum. lumber. 



Object. 



To determine the best methods for controlling the 
humidity and temperature conditions in a single- 
chamber dry kiln of conmercial size. 

To secure information regarding the present commercial 
practice in use at various types of kiln in various 
sections of the country. 

To determine the effect on wood of subjecting it to high 
temperatures and pressures, and to various condi- 
tions of the surrounding medium, and the investiga- 
tion of the fundamental factors in the treatment and 
seasoning of woods. 



To determine the temperature changes which occur in 
wood when subjected to various conditions and 
temperatures of the surrounding medium. 

To determine methods of seasoning and conditioning 
which give best results in gluing black-gum lumber. 



Structure. 



Correlation of the micro- 
scopic structure of com- 
mercial woods with their 
properties and uses. 



To determine the relation of the structure of woods to 
its properties and uses. 



B.— WOOD PRESERVATION. 

Preservatives. 



General. 

Tests of the comparative ef- 
ficiency of various wood 
preservatives. 

Efficiency of various frac- 
tions of coal-tar creosote in 
protecting southern yel- 
low pine from marine bor- 
ers. 

Investigations relating to 
problems connected with 
the use of treated wood- 
block pavements. 

Physical and chemical 
properties. 

Classification of authentic 
creosotes. 



To determine the relative efficiency of various pre- 
servatives which are in commercial use or proposed. 

To secure data on the comparative value of fractions of 
creosote in preventing the ravages of marine borers. 



To secure information which will assist in solving the 

Sroblems which confront the wood-block paving in- 
ustry. 



65603°— 13- 



To determine the composition of creosotes obtained 
from commercial tars in this country in order to cor- 
relate the methods of production with their composi- 
tion and properties, and to develop methods by 
which the important differences in composition 
can be distinguished. 
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B.— WOOD PRB8ERVATI0N--Cantmued\ 

Preservatives — Continued. 



Project. 



Toxicity. 

Toxicity of preservatives 
with pure culture* in Petri 
dishes and jars. 

Fungicidal properties of coal- 
tar creosote fractions. 

Processes new or proposed. 

Boucherie experiments on 
the Eldorado National 
Forest. 

Boucherie experiments on 
loblolly pine. 

Effect of varying conditions 
during treatment. 

Experiments on mechanical 
operative features of pres- 
sure wood-p re serving 
plants. (Project 119.) 



Object. 



To determine the relative toxicity of various preserva- 
tives which are in commercial use or proposed. 

To secure data on the comparative fungicidal properties 
of the various fractions of coal-tar creosote. 



To determine a cheap and efficient method for treating 
poles where costly preservatives can not be economi- 
cally secured. 

To determine the practicability of using the Boucherie 
method of treatment with loblolly pine. 



To investigate the effects of the various operations on 
the absorption, penetration, and other features of the 
treatment of wood. 



Suitability of species. 



Resistance to impregnation 
with preservatives. 

Relative resistance of com- 
mercial angiosperms to in- 
jection with creosote. 

Relative resistance of com- 
mercial gymnosperms to 
injection with creosote. 

Relative resistance to decay. 

Relative resistance of un- 
treated woods to decay by 
pure cultures of fungi in 
^ars. 1 

Determination of the mini- 
mum and maximum mois- 
ture content of wood which 
permits thegrowthof 
fungi. 



To classify the various species according to their rela- 
tive resistance to creosote. 

Same as above. 



To secure data which will show the comparative dura- 
bility of different species of woods grown in the 
United States. 

To secure data which will show the limits of moisture 
in wood which are necessary for the development of 
wood -destroying fungi. 



1 In conducting these experiments and in the preparation of bulletins an attempt should be made to 
correlate and combine the results with those secured: by the experiments of the forest pathologists on the 
National Forests. 
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B.— WOOD PRESERVATION— Continued. 

Cooperative field work and service tests. 



Project. 



Service tests. 

Inspection of treated and 
untreated timbers of vari- 
ous forms placed under 
actual conditions of serv- 
ice. 



Durability data on untreated 

fence and pole lines on the 

National Forests. 1 
Service tests on treated and 

untreated eucalyptus 

crossties. 
Service tests on treated and 

untreated Douglas fir ties. 



Object. 



To determine under actual conditions of service the 
comparative efficiency of various forms and species 
treated with different preservatives and processes 
and untreated. Includes inspection of treated and 
untreated ties, poles, posts, mine timbers, paving 
blocks, etc., of various species placed for test pur- 
poses. 

To secure data on the length of service of untreated post 
and pole lines constructed on the National Forests. 

To secure data on the suitability of this species for ties. 



Same as above. 



-DERIVED PRODUCTS, OR PRODUCTS DERIVED FROM WOOD, BARK, LEAVES, 

AND THE GROWING TIMBER. 



Pulp and paper. 



Mechanical or grinding 
processes. 2 

Pulp-making qualities of 
various species of wood 
other than spruce. 

Fundamental laws of grind- 
ing. 



Effect of using different 
natural and artificial pulp 
stones on the quality and 
production of pulp. 

Effect on ground-wood pulp 
of steaming or cooking the 
wood. 

Chemical processes. 

Comparative pulp-making 
tests on various woods. 



To determine the value of different species for the pro- 
duction of ground-wood pulp. 

To determine the effect of pressure, speed, surface of 
stone, temperature of grinder , diameter of wood, and 
length of tune wood is seasoned on the horsepower per 
ton, production per day, and quality and yield of pulp, 
using spruce as a species. 

To determine the effect of the Lombard (natural), 
Walker (artificial), and Hercules (artificial) grinding 
stones on the horsepower per ton, production per day, 
and quality and yield of pulp, using spruce as a spe- 
cies. 

To determine the effect of steaming and cooking the 
wood in different ways upon the production, horse- 
power, and quality and yield of pulp secured. 



To determine the value of different species for pulp 
produced by the soda, sulphite, and sulphate proc- 
esses, and the suitability of the pulps for various 
grades of paper. The following species to be tested 
in 1912: Kedwood and its bark, red fir, lodgepole 
pine, weathered tamarack, jack pine, 

1 In carrying out these experiments, cooperation with the experiment station in the district should be 
secured. 

* The individual experiments listed under this heading will all be conducted more or less Jointly; that is 
some of the data secured from one experiment will be of assistance and use in the other experiments. It is 
important that the various projects be conducted together and at very nearly the same time. 
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C— DERIVED PRODUCTS, OR PRODUCTS DERIVED FROM WOOD, BARK, LEAVES, 

AND THE GROWING TIMBER— Continued. 



Pvlp and paper — Continued. 



Project. 



Chemical processes- Oontd. 

Fundamental rooking con- 
ditions in the soda process. 



Study of the fundamental 
cooking conditions in the 
sulphite process. 



Study of the fundamental 
cooking conditions in the 
sulphate processes. 

Effect of mechanical treat- 
ments on the quality of 
chemical pulps. 

Effect of preliminary treat- 
ments with steam and 
vacuum on the cooking of 
chemical pulps. 



Object. 



To determine the effect of the fundamental cooking 
conditions on the yield and qualities of pulp, cost of 
production, and consumption of wood and chemical*, 
aspen to be used as a standard species and results to 
be checked with other species. 

To determine the effect of the fundamental cookim 
conditions on the yield and qualities of pulp, cost « 
production, and consumption of wood and chemical*. 
white spruce to be used as the standard species and 
result* to be checked with other species. 

To determine the effect of the fundamental cooking 
conditions on the yield and qualities of pulp, cost of 
production, and consumption of wood and chemicals. 

To determine the effect of various mechanical treat- 
ments of chemical pulp on its quality. 

To secure data on the effect on chemical pulp of pre- 
liminary treatments prior to cooking. 



Wood distillation. 



Hardwoods. 

Destructive distillation of 
hardwoods. 



Methods for increasing the 
yields of valuable prod- 
ucts in the destructive 
distillation of hardwoods. 

Study of the refining meth- 
ods for hardwood distil- 
lates. 

Resinous woods. 

Distillation experiments on 
northwestern woods in 
cooperation with the Uni- 
versity of Washington. 

Study of methods and proc- 
esses used in securing 
rosin by extraction from 
the wood with chemicals. 



To determine the yields of valuable products which 
can be obtained by the distillation of various species 
of hardwoods not used for this purpose at present. 

The following species to be tested in 1912: Birch, maple, 
and beech (tested for purposes of comparison with other 
species); oak, red gum, hickory, ana chestnut. 

To determine what methods will result in the greatest 
yield of valuable products secured in destructive 
distillation of hardwoods. 

To determine best methods for refining hardwood 
distillates in order to secure the greatest quantity of 
valuable products. 



To secure information regarding the value of north- 
western woods for distillation. 



To secure data regarding "extraction" methods for 
securing rosin. 
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C.-DERIVED PRODUCTS, OR PRODUCTS DERIVED FROM WOOD, BARK, LEAVES, 

AND THE GROWING TIMBER— Continued. 

Naval stores. 



Project. 


Object. 


The naval-stores industry... 
Turpentine experiments 


General review of past and present methods, and 
recommendations. 

To determine the value for turpentining of the follow- 
ing species: Digger pine, western yellow pine, sugar 
pine, lodgepole pine, Jeffrey pine, and Douglas fir. 



Miscellaneous. 



Production of ethyl alcohol 
from wood. 

Production of tanning ma- 
terials from woods and 
barks. 

Investigations into the man- 
ufacture of producer gas 
from wood waste. 

Investigation of the produc- 
tion of volatile oils from 
leaves and needles of va- 
rious conifers. 

Comparison of the chemical 
comDosition of different 
woods . 



To determine the best conditions for digestion of the 
wood, such as diameter, time, pressure, and kind and 
amount of acid, for the production of ethyl alcohol. 

To make experiments with various species from time 
to time as is deemed advisable to determine their 
value for the production of tannin. 

To determine the economic value of the manufacture 
of producer gas from wood waste. 

To determine the character and quantity of the volatile 
oils which can be secured from the leaves, needles, 
and cones of various conifers. 

To secure information regarding the chemical com- 
position of different species. 



D— STATISTICAL STUDIES. 

Annual production of forest products. 



Collection of statistics of 
forest products in coopera- 
tion with the Bureau of 
the Census. 



To show in detail the annual demand upon each kind 
of wood in the forests of the United States, the 
fluctuation in years of prosperity and depression, 
tendencies in wood utilization, changing use of 
species, and progress in methods to increase the 
service of wood. 



Uses of woods. 



Study of the uses of commer 
cial woods. 

By States 

By industries 

By species 



To secure authentic information and statistics regard- 
ing the present uses of the various commercial woods 
in the United States. 

To make an inventory of the annual demand by the 
various wood-consuming industries in each State for 
raw material. 

To secure authentic statistics and information regarding 
the uses of different woods classified by industries. 

To Becure authentic statistics and information regarding 
the uses of different woods classified by species. 
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D.— STATISTICAL STUDIES-Continued. 



Lumber prices. 



Project. 



Quarterly statistics on lum- 
ber prices f. o. b. mills. 

Quarterly statistics on lum- 
ber prices f . o. b. markets. 



Object. 



To secure periodically wholesale prices of lumber at 
representative mills in different sections of the couu- 
trv. 

To secure periodically wholesale lumber prices at rep- 
resentative markets in different sections of the 
country. 



Miscellaneous. 



Collection of statistics on ' To secure data on the kind and quantity of wood pre- 



wood preservatives con- 
sumed and kind and quan- 
tity of timber annually 
treated in the United 
States. 
Service tests of eucalyptus 
and tan-bark oak for coop- 
erate, cross-arms, and in- 
sulator pins. 



servatives annually consumed, and kind and quan- 
titv of material annuallv treated 



To secure data on the suitability of eucalyptus and 
tan-bark oak for cooperate, cross-arms, and insulator 
pins. 



Hill scale studies. 
[See '' Silviculture — Mensuration."] 



SILVICULTURE. 



A.-FOREST.fTIOX. 



General. 



Reforestation in the East.. 



Reforestation 



To obtain reliable data as to the results of planting in 
the Ea.-t with different species as a basis for recom- 
mendations to the farmers, and incidentally secure 
data on growth, volume, and yield of the different 
species. 

To prepare manual of nursery work and field planting. 



Seed. 



Seed-.-torave experiments. . . 

Physical characteristics and 
vital it v of forest-tree -eeo>. 



Influence of ave and condi- 
tion of the tree upon seed 
productir.n in western 
yellow pine. 



To determine the best method, temperature, and geo- 
graphical location for the storage of seed. 

To obtain information a* to the perminability, variation 
in .-ize of the same species but from different source?, 
and other physical and biological properties of the 
seed- of coniferous species. 

To determine the effect of aee and condition of seed 
trees up' in the quality of seed produced and resulting 
veneration. 
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A.— FORBSTATION— Continued. 

Seed — Continued . 



Project. 



Object. 



Seed cleaning: 

Western yellow pine — 

Seed extraction: 
District 1 — 

Eastern white pine, 
Norway pine, 
jack pine, west- 
ern larch. 
District 2— 

Lodgepole pine 



Lodgepole pine 

Lodgepole pint- 
Seed testing: 

District 7 

District 1 

District3 



Comparative germina- 
tion in the greenhouse 
and field. 
Seed production: 

Western white pine, 
lodgepole pine, Doug- 
las fir, yellow pine, 
Engelmann spruce. 
Source of seed: 

District 1 



Dfetrict 2— 

Douglas fir, yellow 
pine, lodgepole 
pine, Engebnann 
spruce. 

District 3 



To determine the effects of moisture treatment for the 
removal of wings from western yellow-pine seed. 



To determine the best temperature and conditions for 
extraction of seed. 



To determine the relative value of lodgepole-pine seed 
extracted at various periods during the fall and win- 
ter. 

To determine the limitation on heat, soaking, etc., de- 
sirable in the extraction of lodgepole-pine seed. To 
determine also the merits of wet and dry cleaning of 

goo/1 

To determine the possibility of opening cones of lodge- 
pole pine in direct flame. 

To determine the true value of seed collected in the 
districts. 

To determine the germinating power of samples of seed 
used in the district; also lor the purpose of deter- 
mining the results of seed-extracting methods. 

To determine the germinating power of all seed samples, 
concerning which information is desired for the next 
season's sowing in the district. 

To determine tne comparative germination of seed 
tested in the greenhouse with that which occurs in 
actual field operations. 

To develop a method for determining the amount of 
seed produced, and determine the periodicity of seed 
years of different species. 

To test the source of seed of western yellow pine, white 
pine, and Douglas fir. 

To determine the relative value at a middle point of 
seed and stock from the middle, northern, and south- 
ern parts of the range of the species. 

To determine the suitability of seed of western yellow 
pine from different sources to local conditions. 
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A-FORE8TATION-Continued. 

Nursery. 



Project 



N ursery practice : 
District 1 



District 2. 



Districts. 



Districts 2 and 3 

District 4 

District 5 



Object. 



District 6. 



To test different amounts of seed for seed beds, methods 
of sowing, and depth of covering. 

To determine the nnal effects of different degrees of 
watering in the nursery on the stock when it is set out 
in the field; the effect of shading for different periods 
on the hardiness of trees when placed in the field; 
the relative values of manure { leaf compost, and 
commercial fertilizers; the best tune for transplanting 
and the latitude in time of safety in spring trans- 
planting operations; the most advantageous seasons 
for seed sowing in the nurseries ; the best depth for 
sowing seed in seed spots and in the nursery; the 
effect on root development of Engelmann spruce of 
pruning roots at time of transplanting; the effect on 
root and crown development of square and oblong 
spacing in the transplant beds. 

To determine various phases of nursery practice, such 
as the preparation of the beds, amount of seed of dif- 
ferent species to be used per seed bed, watering, and 
shading; the effect of spacing and the methods of 
preparation of the ground upon the development oi 
the root system. 

To determine whether it is practicable to grow stock 
near the planting site without watering and much 
care. 

To determine to what extent small and weak trees can 
be eliminated from the nursery by the use of seed 
graded by weight. 

To carry on experiments to determine the proper 
amounts of seed of different species which should be 
sown in nursery beds; to determine the depth of 
cover, the proper seasons and methods for sowing the 
seed beds, etc. 

Same as above. 



Species, methods, and seasons. 



Experimental planting: 
District 1— 

Norway spruce, su- 
gar pine { bass- 
wood, white ash, 
shagbark hickory , 
western white 
pine, yellow pine, 
Douglas fir. 
District 2— 

Yellow pine 

Scotch pine 

Austrian pine 



To test the suitability of different species to northern 
Idaho. 



To determine the best method and season of planting in 
the following subdistricts: Southeastern, northeast- 
ern, and in Kansas sand hills. 

To compare the value of Scotch pine for the north slope 
of the sand hills, and also for the moister sites in the 
Pikes Peak region; and to determine its relative 
merits for Kansas sand-hill planting. 

To determine comparative value of Austrian pine for 
planting on certain areas of the western yellow-pine 
type, and its relative merits for Kansas sand-hill 
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A.— FORESTATION— Continued. 

Species, methods, and seasons- — Continued. 



Project. 



Experimental planting — Con. 
District 2 — Continued. 
Lodgepole pine 

Eastern white pine, 
western white 
pine, Norway 
spruce, Norway 
pine, Japanese 
larch, sugar ma- 
ple. 

Black locust and 
honey locust. 

Engelmann spruce.. 



Douglas fir. 



Experimental planting and 
sowing: * 
District 3— 

Western yellow 
pine. 



Douglas fir. 



Jeffrey pine 



Alligator juniper. 



Arizona cypress 

Black locust, white 
elm, green ash, 
desert willow, 
honey locust, 
Russian olive, 
Norway spruce, 
limber pine. 
District5 — 

Sugar pine, yellow 
pine, Douglas fir, 
white fir, incense 
cedar. 

Eucalyptus 



Object. 



To determine the best method and season of planting in 

the northwestern subdistrict. 
To find species which would be adapted to the moister 

sites in the Pikes Peak region. 



District 6— 
Douglas Fir. 



To determine relative merits for Kansas sand-hill plant- 
ing on plowed and cultivated ground. 

To determine the best method and season of planting in 
the southeastern and northwestern subdistricts. 

To determine the best method and season of planting in 
the southeastern, southwestern, and northeastern 
subdistricts. 



To test experimentally western yellow pine on a com- 

Saratively large scale on different Forests and on 
ifferent sites. Also to reforest by means of the seed- 
spot method. 

To determine the best method of planting western yel- 
low pine in pots and with balls. 

To test experimentally Douglas fir on a comparatively 
large scale on different Forests and on different sites; 
to reforest by means of the seed-spot method; and to 
determine the best time of planting. 

To test experimentally Jeffrey pine on a comparatively 
laree scale on different Forests and on different sites, 
ana to reforest by means of the seed-spot method. 

To find a practical way of handling alligator juniper 
seed and to determine its behavior by the seed-spot 
method. 

To determine the suitability of Arizona cypress for 
reforestation in Arizona. 

To determine the suitability of these species to local 
conditions and the behavior of less common species 
in artificial planting. 



To determine the best season and the best methods for 
sowing and planting important species on favorable 
and unfavorable sites. 

To determine experimentally the suitability of the less 
common species to different sites in southern Cali- 
fornia. 



To determine the best method and season of direct 
seeding and planting in lower slope type west of Cas- 
cade Mountains; on denuded areas within various 
tyjjes in the Siskiyou Mountains; in humid coast 
region, Siuslaw Forest; and on denuded areas on 
slope type of Blue Mountain region. 

1 More intensive experiments with testing species, sites, methods, and seasons are listed under specific 
•projects which are to serve as a check on this experimental planting on a large scale. 
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To determine the best method and season of direct 
seeding and planting on denuded areas within various 
types in the Siskiyou Mountains; on denuded areas 
in slope type of northeast Washington; and on de- 
nuded areas on slope type of Blue Mountain region. 

To determine the best method and season of direct 
seeding and planting on denuded areas within various 
types in the Siskiyou Mountains; in humid coast 
region of Siuslaw Forest; and on denuded areas on 
slope type of Blue Mountain region. 

To determine the suitability of eastern hardwood 
species to bottom lands and slope types west of the 
Cascades, and to a very small extent east of the Cas- 
cades. 

Reforestation studies; experimental seeding and plant- 
ing in cooperation with New Jersey and South 
Carolina. 

Same as above. 

Experimental planting in cooperation with South Caro- 
lina to determine the value of the different species 
for forestation in the southeastern pine belt. 

To test the suitability of the different species of eucalyp- 
tus to different sections of Florida, in cooperation 
with the State in the Everglades, and in cooperation 
with the Tampa Board of Trade at Tampa. 

To determine the influence of cultivation in its relation 
to ground cover on the success of planting operations. 



To determine the best stock (seedling or transplant) for 
field planting. 

To determine the effect of continuous bedding of sheep 

on reforestation or natural reproduction. 
To determine the effect of aspen cover on the success of 

sowing with Engelmann spruce and Douglas fir. 
To determine the effect of an aspen nurse upon the suc- 
cess of Douglas-fir planting. 

To determine the relative value of different classes d 
stock for field planting. 



To determine to what extent better results in field 
planting can be obtained through careful grading of 
planting stock. 

To determine the advisability of shipping nursery stock 
to planting areas in the fall to be held there until 
planting operations commence in the spring. 
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A.-FORESTATION— Continued. 



Sites. 



Project. 



Habitat extension: 
Yellow pine. . . 



Douglas fir. . . 
Planting in parks. 



Planting on brush-covered, 
timberless slopes: (a) Yel- 
low pine, (6) Douglas fir. 

Comparison of sites for west- 
ern yellow-jjine planting. 

Reforestation in bear clover 
areas. 



Forest extension into the 
northern brush fields. 



Planting on pumice soil: 
Western yellow pine in 
District 6. 



Object. 



To determine the possibility of growing yellow pine in 

the pifion-juniper type. 
To determine the most successful method and season 

of sowing on ground bearing a fair stand of seed 

trees ana also open sagebrush parks. 
To determine the possibility of using Douglas fir in the 

lower part of the Engelmann spruce type. 
To determine the possibility of growing trees in the 

open parks. 
To determine whether it is possible to plant southerly 

steep slopes covered with oak brush and what species 

should be used. 
To determine the relative value of different sites for 

yellow-pine planting in District 3. 
To determine the best method by which the extensive 

bear clover areas can be gradually transformed into a 

forest. Study similar to the brush field study in 

northern California. 
To determine the best method and species to plant in 

the brush fields of northern California so as to grad- 
ually extend the forest into the brush fields wnich 

once were a forest. 
To determine the best method and season of planting 

western yellow pine on light, pumice soils, east of the 

Cascade Mountains. 



Introduction of exotics. 



A study of Calif ornia exotics 
of possible economic value 
in this country. 



Maritime pine. 



Cork oak. 



To determine, by a study of the results obtained by the 
cultivation of various exotics in California, their 
possible potential range in this country and their 
probable economic value, together with data as to 
conditions best adapted to their success. 

To bring together the available information as to the 
possibilities of introducing maritime pine as a source 
of naval stores in this country. 

To furnish information as to the possibilities of the cork 
oak in this country as source of the commercial cork. 



Special. 



Experimental work in bas- 
ket-willow culture. 



Development of American 
species of basket willows. 



To secure improved varieties of basket willows; to 
develop better cultural methods in growing willows; 
to secure better methods and devices in handling 
rods; to encourage growing of willows on land suited 
to the purpose. 

To secure varieties of basket willows better adapted to 
American conditions than the European species now 
grown. Hardiness and continued vigorous growth 
are the principal characteristics desired. 
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Object. 



To test the possibility of growing basket willows on the 
cheap sandy lands of New Jersey. 



To test various means of direct reforestation of the sand 

dunes on the Siuslaw National Forest. 
To determine the extent to which erosion of a gully 

may be checked by willow planting. 
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To determine the effect of forest cover upon stream flow 
and erosion in the Southern Appalachians. 

To keep abreast with the literature on the subject. 

To determine the effect of forest cover upon climate of 
the area occupied by it. as compared with the open 
"park." 

To determine to what extent and in what manner 
virgin western yellow-pine forests affect the amount 
of snow reaching the ground, the rate of melting, and 
the amount of run-off. 

To determine the effect of forest cover on run-off and 
erosion. 



C.— MANAGEMENT. 
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Silvicultural study with special reference to growth and 
volume. 

To obtain a series of regional woodlot studies. 

Same as above. 

To furnish information regarding the handling of tim- 
ber lands for coal mines. 

To furnish information regarding the management of 
the different hardwood species in the Southern Ap- 
palachians. 

To suggest system of forest management for the south- 
ern W wood bottom species. 
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Project. 



Effect of different methods 
of cutting in different 
types upon growth and 
natural reproduction, Dis- 
trict 1. 

Methods of cutting, Dis- 
trict 2: 

Lodgepole pine 



Balsam type. 



Mixed lodgepole pine 
and Engelmann 
spruce types. 
Results of different systems 

of marking, District 3. 
Effect of seasons and meth- 
ods of cutting in woodland 
type, District 3. 
Different methods of mark- 
ing and cutting, Dis- 
trict 4: 
Idaho yellow pine 

Aspen in Utah 

Effect of different methods 
of cutting upon natural re- 
production in Jeffrey pine, 
sugar pine, mixed type of 
yellow pine, Douglas fir, 
and "white fir. 

Methods of cutting in the 
yellow pine and Douglas 
fir types, District 6. 

Cut-over areas: 

District 1 

District 3 

District 5 

District 6 

Felling snags and diseased 
trees. 



Object. 



To ascertain the best silvicultural system of cutting in 
western white pine, western larch, and western yel- 
low-pine types. 



To determine the effect of various methods of cutting 
in mature lodgepole pine stands in inducing repro- 
duction. 

To determine a method of cutting which will favor 
spruce reproduction over balsam in mixed stands of 

. these two species. 

To determine the method of cutting most likely to favor 
Engelmann spruce reproduction where it occurs in 
mixture with lodgepole pine. 

To determine the comparative merits of one system of 
marking over the other. 

To determine the conditions under which the cutting in 
woodland type results in best regeneration of the 
stand. . Coronado Forest. 



To determine the best method of cutting in the Idaho 

yellow-pine forest. 
To determine the best methods of cutting in aspen 

stands. 
To determine the best method of cutting upon natural 

reproduction and growth of remaining stand. 



To determine the best method of cutting in Douglas fir 
and yellow pine so as to secure natural reproduction 
and the best growth of the remaining trees. 

To determine the conditions under which natural re- 
production takes place on areas cut-over under dif- 
ferent conditions as a basis for proper silvicultural 
handling of timber sales. 

To determine rate of growth and loss, rate of regenera- 
tion and effect of various factors upon regeneration. 

Same as above. 

To determine the progress of natural reproduction on 
cut-over areas. 

To determine the actual cost of felling snags and dis- 
eased trees, as means of improving condition of the 
Forest, and to ascertain its Gearing upon the estab- 
lishment of stumpage rates. 
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C.-MANAGEMENT— Continued. 



Brush disposed. 



Project. 



Effect of scattering brush 
after logging upon repro- 
ductum/District 3. 
Brush disposal: 

District 4, Idaho yel- 
low pine. 
District 5 



District 6. 



Object. 



To determine the effects of scattering the brush after 
logging upon reproduction in western yellow-pine 
stands. 

To determine the effect of different methods of brush 

disposal upon natural reproduction. 
To determine the cost and method of brush disposal. 
To determine the effect of the removal of brush upon 

the development of seedlings. 
To determine the effect of brush disposal upon natural 

reproduction. 



Natural reproduction. 



The loss of seedlings in the 
forest during the early 
stages of development. 

Reproduction on turns 



Pole and sapling competi- 
tion. 



To determine the rate of loss of seedlings during the 
early stages of development and the factors respon- 
sible for it. 

To determine the progress of reproduction on burned- 
over areas. 

To determine the competition between the various 
species and to observe the replacement of brush on 
an adjoining Bouth slope. 



Thinmry,. 



District 2: 

Yellow pine. 



Lodgepole pine. 



Douglas fir and Engel- 
mann spruce. 
District 4: 

Aspen in Utah 



District 5: 

Douglas fir. 



Mixed yellow pine, 
white fir, and incense 
cedar. 



To determine the effect of different degrees of thinning 

in young yellow-pine stands. 
To compare the rate of growth and increment of the 

trees left after thinning with the increment on new 

stands obtained by clear cutting. 
To determine best degrees of thinning in sapling 

lodgepole-pine stands. 
To determine the effect of thinning from beneath and 

thinning from above. 
To determine the best density in lodgepole sapling 

stands about 40 years old. 
To determine effect of different degrees of thinnings in 

young stands. 

To determine the effect of thinning upon the remain- 
ing stand. 

To determine the effect of thinning upon the growth of 

the remaining stand. 
To determine the comparative merits of different 

degrees and frequency of thinning. 
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C— MANAGEMENT— Continued. 



Valuation. 



Project. 



Valuation of young growth 
with reference particu- 
larly to fire damage. 

Valuation of land for agri- 
cultural and forest uses. 



Object. 



To determine the value of young growth with particu- 
lar reference to fire damage. 

To determine the value of land for agricultural and 
forest uses. 



D.— MENSURATION. 



Volume, growth, and yield: 
District 1 — 

Douglas fir, larch . . 
Lodgepole pine 



Western white pine, 
western yellow 
pine. 
District 2— 

Lodgepole pine 



Western yellow 
pine. 

Engelmann spruce. . 

Growth of western yellow 
pine stands before and 
after cutting, District 3. 

Growth, volume, and yield 
studies, District 4. 
Yellow pine in Idaho. . . 

Aspen in Utah 



Solid contents of cord wood, 

District 5. 
Growth and yield, District 6. 

Fundamental laws of tree 
growth and comparative 
rapidity of growth of forest 
trees, District 7. 



Mill scale studies, in coopera- 
tion with the Brancn of 
Products: 

Douglas fir 



Blue gum. 



To secure data on growth, volume, and vield. 

To secure data on volume, growth, and yield for the less 

favorable sites on the Deerlodge Forest. 
To secuie growth, volume, and yield data. 



To construct volume tables which will be of value for 

more than simple local use. 
To obtain data for the construction of growth and yield 

tables. 
To construct volume tables which will be of value for 

more than local use. 
To obtain data for the construction of growth and yield 

tables. 
To construct volume tables which will be of value for 

more than local use. 
To determine the growth for stands before and after a 

selection cutting; also a comparison of the different 

methods of determining the growth percentage 

before and after cutting. 



To secure growth, volume, and yield data as a basis for 
management of Idaho yellow-pine forests. 

To secure growth, volume, and yield data of aspen as 
a basis for the management of aspen stands. 

To ascertain the actual solid contents of cord wood as a 
basis for estimating timber for pulp wood. 

To determine the effect of various conditions of soil 
density upon the growth of stands in different types. 

To establish the general relationship between the 
various geometrical characteristics of trees which 
would enable us to develop quick methods of deter- 
mining the volume and yield of standing trees and 
forests and to furnish a basis for comparing different 
species as to their growth and development. 



To determine the percentage of clear and common 
lumber obtained from each grade of Douglas-fir logs 
in the Columbia River and Fuget Sound regions. 
To obtain a mill tally of biue-gum logs. 
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E.— PROTECTION. 

Fire. 



Project. 



Object. 



Methods of fire protection. . . 
Progress of the States in 
forestry and fire protec- 
tion, and digest of State 
forest and fire laws: 
Forest fires in the United 
States and Canada. 



Recovery of chaparral 
from fire. 

Growing green fire- 
breaks. 

Effect of light burning. . 

Fire damage in mature 

timber. 
Influence of grazing in 

preventing damage by 

nre. 



To determine the best methods of fire protection. 



To ascertain the causes of forest fires, such as lightning 
and other climatic causes, extent of damage, together 
with historical data concerning the large conflagra- 
tions. 

To determine the after effects of fire, and the number of 
years necessary to reestablish a chaparral cover. 

To maintain firebreaks by growing mesembryanthemum 
and similar fire resistant species to the exclusion of 
chaparral. 

To determine the effect of frequent light burnings upon 
the forest. 

To determine the effect of fire upon the growth of 
mature timber. 

To determine the value of grazing (1) in preventing 
forest fires; (2) in decreasing difficulty of fighting 
fires. 



Grazing. 



Effect of grazing on the re- 
production of western yel- 
low pine, and plan of 
management for grazing 
on yellow-pine lands in 
District 3. 

Management of grazing in 
the yellow-pine type in 
District 4. 

Effect of grazing on tree re- 
production. 



Effect of grazing on growth 
and reproduction of aspen 
in Utah. 

Recuperation of different 
tree species from injuries 
by grazing. # 

Effect of grazing on the re- 
duction of fire risk. 

Effect o£ sheep grazing on 
yellow-pine reproduction. 



To determine the amount and severity of damage, and 
to collect information to use as a basis for proper 
management of grazing in the yellow-pine type of the 
Southwest. 



To secure authentic information upon which to base 
definite management of sheep grazing on approxi- 
mately eight million acres of yellow-pine land in Dis- 
trict 4. 

To determine (1) the percentage of seedlings injured by 
sheep, cattle, and goats for each species of locality; 

(2) relation of intensity of injury to intensity of 
grazing, season of grazing and method of handling; 

(3) the ultimate damage to timber from each of the 
various kinds of injury; and (4) possibility of elimi- 
nating damage by more careful management of 
grazing. 

To determine the effect of grazing sheep upon the 
sprouting and ground cover of aspen. 

To determine definitely the time and character of the 
injury and the ultimate economical effect of the in- 
jury upon tree growth. 

To determine to what extent grazing reduces the fire 
danger in the forest. 

To ascertain the effect of sheep grazing, if any, in de- 
termining the germination of yellow-pine seed as a 
basis for the use of sheep grazing as means of arti- 
ficial and natural reforestation, and as a basis for a 
grazing policy on cut-over areas. 
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E.— PROTECTION— Continued. 



Diseases. 




Nursery diseases: 
District 2.... 



District 3. 



Pathological investigations, 
District 5. 



Root mould in transplant 
beds. 

Effect of mistletoe upon 
growth and seed produc- 
tion of western yellow 
pine. 

Decadence of white fir on 
the Crater Forest. 

Decadence of mature west- 
ern yellow pine. 



Object. 



To determine the methods of checking fungous 
of stock in nurseries. 

To determine the best methods of preventing damping- 
off in seed beds. 

To determine the age of infection of incense cedar by 
Polyporu8 amarus (dry rot); the age of infection oi 
white fir by EMrvoaoTttium tinctorum; the rela- 
tion of decay to fire and lightning wounds; the 
nature and extent of damage done by needle dis- 
eases in yellow pine, Jeffrey pine, white fir, and 
red fir. 

To determine the cause of mould on roots of the trans- 
plants of yellow pine. 

To determine the effect upon the soundness of western 
yellow pine. 



To determine (a) underlying cause of the rot, (6) size 
of the trees affected, (c) rapidity of the decay, as a 
basis for a timber-sale policy with regard to white fir- 
Work begun 1910. To determine the decadence of 
western yellow-pine trees left as seed trees on timber- 
sale areas. 



Insects. 



Insect attacks on cupped 
western yellow pine. 



To determine the susceptibility of cupped trees ts 
attacks by insects. 



Animals. 



Methods of combating seed- 
destroying animals. 



To determine the best methods of eliminating seed- 
eating animals from the sown areas. 



Snow. 



Damage to reproduction by 
snow. 



To determine the effect of snow upon reproduction. 



F.— REGIONAL STUDIES. 



Forest conditions in Porto 
Rico. 

The forests of Florida x 

The forests of Mississippi and 
Alabama. 1 

The forests of North Caro- 
lina. 1 



To describe the forest resources together with discussion 

of forest problems. 
Same as above. 
Same as above. 

Same as above. 



» To be correlated with the wood-using industries of the products. 
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